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NEW! 

Measurement Studio" 
for Visual C++, 

Visual Basic, 
and the Internet 

Are you looking for C++ classes, ActiveX 
controls, or COM objects for measurement 
applications? National Instruments 
Measurement Studio builds on 12 years of 
measurement programming expertise with 
LabWindows"/CVI and ComponentWorks~ to 
deliver measurement tools that are tightly 
integrated into the Microsoft Visual C++ and 
Visual Basic programming environments. 
Measurement Studio delivers the measurement 




tools you need to acquire, analyze, and 
present your data faster than ever before! 


WT NATIONAL 
INSTRUMENTS 



Improve your programming 
productivity today! 

Visit ni.com/info/mstudk > 


ni.com/info/mstudio 


( 800 ) 891-6364 


Tel: (512) 794-0100 • Fax: (512) 794-8411 • info@ni.com 
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Welcome to e-commerce! 

Our store is open — with over 100,000 products available 

ON-LINE! 

for Process Measurement and Control 



Omega customer accounts or 
major credit cards accepted 



omega.com omega.com omega.com omega.com omega.com omega.com omega.com 
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Why risk it 

ON ANYTHING LESS 
THAN A SONY? 




SIR-IOOO W/SIR- 1000 I 

Wideband Digital Data Recorder 
// CP® - video /analog /digital data 


Sony digital data 
recorders give you incredible 
performance and superior 
reliability in lightweight, 
compact configurations that 
fit almost anywhere. 

Our SIR- 1000 series captures 
critical analog and digital data (or 
analog and synchronized video 
data with our optional video card) 
at speeds up to 160kHz and 24 
Mb/sec for as long as 2 full hours 
(32 hours max. at lower band- 
widths). Utilizing the Advanced 
Intelligent Tape standard, they can 
store up to 25 Gbytes (non-com- 
pressed) on a single AIT cartridge. 


For situations demanding 
lower bandwidth, but equally 
rugged performance and reliability, 
Sony provides the PC200AX series. 

These portable, DAT-based 
digital data recorders have band- 
width from DC to 20kHz, can 
be configured up to 128 channels, 
and allow recording times up 
to 6 hours. 


And with 
their easy-to-use 
WindowsNT®-based 
software, Sony digital 
data recorders make your data as 
easy to analyze as it is to record. 

So, if you only have one chance 
to get it right, get the digital data 
recorder that won’t let you down. 
Call us at 1-949-770-8400, or visit 
us at www.sonypt.com. 


ICP is a registered trademark of 
PCB Piezotronics, Inc. 


Compact Size: 

13.4 " wide, 

10. 2' deep, 4J m high 
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Visit us at SAE, Booth #616 
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The Website of Preference* 

Value of Overall Content 
Product Search Engine 
Product Order Mechanism 
Ease of Navigation 
Access Speed 


‘Electronic Buyers’ News, Website Audit, June 28, 1999 
•Electronic Engineering Times, Website Audit, June 28, 1999 
•Cahners Research, How Engineers Worldwide Use the Internet, Nov. 9, 1999 
•Beacon Technology Partners, Distributor Evaluation Study. Nov. 1999 
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1-800-DIGI-KEY 

www. digikey . com 
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V 


V <. 

■ • • 

v ' 

i 





■V 


Will your mechanical designs 
work? How well? Will they break? 
When? Until now, getting good 
answers to these questions 
required a powerful computer, 
lots of training, and expensive 
software. 

e.visualNastran changes 
everything. With nothing more 
than a standard PC and an 
internet connection, you can 
perform advanced simulation 
of stress and motion. 

Anywhere. Any time. 

Go to www.engineering-e.com/e 
to use the first engineering 
Application Service Provider 
(ASP) and begin simulating 
anywhere-today. 



e.visualNastran 
rewrites all the 
simulation rules: 

It's fast. MSC*s servers 
do the real number- 
crunching-which 
makes short work 
of even complex 
simulation. 

It's easy. The simple 
user interface and 
compatibility with all 
major 3D file formats 
make it easy to get 
real results. 

It's inexpensive. Use 

e.visualNastran free 
for 60 days. After 
that, a low monthly 
subscription covers 
your use. 

It's secure. Industry- 
leading security 
measures allow you to 
use e.visualNastran- 
while protecting your 
valuable data. 


Engineering Alcorn 


www.engineering-e.com/e d*- 
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IS Reasons Why Algor 
Should Be Your FEA Partner 


M 



Linear Static Stress Algor's linear sta 
tic stress product enables you to capture 
complex assemblies, such as this valve 
assembly, from a CAD solid modeler and 
run a finite element analysis using fast 
| solver technology Typical loadings are 

{ >ressure, acceleration, temperature, 
orce and prescribed displacements. 



II 



Steady Fluid Flow Prescribed velocities 
and pressures provide the loading for this 
3-D steady fluid flow analysis of a pipe 
with a gate valve Algor's multiple load 
curves allow for easy data entry for 
adding loading such as gravity. 


Unsteady Fluid Flow Unsteady fluid 
flow of this ball valve system was ana- 
lyzed using a 3-D CAD solid model. 
Algor's unique processor solves for veloc- 
ities and pressures throughout the 
dynamic event, using a specialized mesh- 
ing algorithm for high velocity gradients. 


DDAM Algor’s Dynamic Design! 
Analysis Method enables you to analyze I 
the shock response at the mountings of I 
shipboard equipment such as watertight I 
doors, masts, propulsion shafts, rudders. [ 
exhaust uptakes and portholes, as | 
shown above. 





[ Transient Heat Transfer - The dynamic 
effects of a transient heat transfer analy- 
sis were needed for the time-dependent 
temperature loading of this heat sink 
assembly. Algor's multiple load curves 
for various loading conditions allow for 
the simulation of the thermal event. 


Nonlinear Static Stress Algor's nonlin- 
ear product helps to accurately predict 
large deformation and large strains 
caused by static loading. As seen by this 
water tank, buckling of a structure is one 
type of failure that can be exposed. 




Linear Dynamic Stress A modal analy- 
sis is one of the linear dynamic stress 
analyses performed on this suspension 
bridge Failure can occur when the load- 
ing frequency is at the structure’s reso- 
nant frequency. Algor's linear dynamic 
analyses accurately predict these fre- 
quencies and dynamic effects. 


Mechanical Event Simulation (MES) 
with Nonlinear Material Models Algor's I 
MES extends full dynamic analysis capabil- 
ities to large strain/deformation analyses of I 
nonlinear materials, as shown by this land- 1 
ing gear assembly. Kinematic elements can | 
be used for quicker processing. 
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| with Linear Material Models Algor s 
MES with linear matenal models allows 
you to represent a dynamic analysis 
while solving for kinematics, deflections 
and stresses of the structure. Analyses 
using large CAD assemblies, such as 
this rocker arm assembly model, can be 
expedited by using kinematic elements. 


Multiphy9ics - Algor’s multiphysics prod- 
ucts enable you to combine multiple 
analysis types into one event Resultant 
forces from flow around this turbine were 
calculated and then projected onto the 
object tor a structural analysis. Other mul- 
tiphysics capabilities include combining 
heat transfer with fluid flow, heat transfer 
with static/transient stress and heat trans- 
fer with fluid flow and stress. 


Ste^Idy^State"^ea^Vansfer"T!g5? 

steady -state thermal processor helps pre- 
dict temperature distribution due to ther- 
mal loading. Loading such as convection, 
radiation, conduction, applied tempera- 
tures and surface heat fluxes can be 
added to an analysis for fast, accurate 
results. In the case of this engine casing, 
both conduction and convection were part 
of the analysis of this 3-D solid model. 



Piping Design and Analysis - Algor's 


piping design and analysis product I 
enables you to calculate the deflections 1 
and stresses of this plant piping system I 
and then compare the results with | 
ASME ANSI code allowables. Loadings | 
can include: dead weight, thermal differ- 
ences. pressure, wind loads, earthquake I 
loads, time history of forcesbisptace- | 
ments. response spectrum, natural fre- 
quencies and pitch and roll. 


Algor has been developing FEA software since 1 978. 

In 1 984 Algor was the first company 

to offer FEA on PCs, which have evolved into the NT workstations of today. 

| Algor offers the premier FEA software on PC workstations by combining ease-of-use and affordability. 

Prices start at just $975 for InCAD DesignPak. 


ammmmmmmmm 


WWW.FEAinCAD.com - Getting started with InCAD DesignPak for FEA within CAD. 
WWW.Algor.com - Full-featured FEA with Algor and lnCAD p,us . 
WWW.PipePak.com - PipePak Piping Design and Analysis. 
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’All trademarks may be trademarks or registered trademarks of their respective owners. 


♦ RLEOR 

Algor. Inc. 

150 Beta Drive. Pittsburgh. PA 15238-2932 USA 

Phone: +1 (412) 967-2700 

Fax: +1 (412) 967-2781 

California: +1 (714) 564-0844 

Europe (UK): +44 (1784) 442 246 

E-mail: info@algor.com 
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PRODUCT OF THE MONTH 


Intergraph Computer Systems' 
new Windows NT workstations 
feature a systems architecture 
that speeds both throughput 
and graphics performance. 



ON THE COVER 



Charles J. Wood of HLM Design, 

Bethesda, MD, designed the Nebula GNX 
car in 3D using MicroStation CAD soft- 
ware from Bentley Systems, Exton, PA. 
Wood's design takes advantage of Micro- 
Station's ability to create complex shapes 
and surfaces, and to provide realistic ren- 
derings. For more information on the 
Nebula GNX and MicroStation software, 
visit Bentley Systems at www.bentley. 
com. See the latest advances in design 
and engineering software in this month's 
Special Coverage on CAD/CAE/CAM, be- 
ginning on page 32. 

(Image courtesy of HLM Design) 
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Nobody Puts it Together Like Ocean Optics 

One-stop Shopping for Fully Integrated Optical-sensing Solutions 




A decade ago, Ocean Optics was little more than two guys in a boat with an idea for an oceanographic 
sensor. Ten thousand spectrometers, 3,000 applications and nearly 500 products later, Ocean Optics has 
expanded its OEM and R&D business to include high-precision optical components, filters and 
coatings. It's all part of our mission to become your one-stop shopping source for innovative optical- 
sensing systems. 



An Ocean Opticsjpompany 



ontinental 

tlcal 


® Dichroic Filter Arrays* and wheels 
microlithographic thin films 
® high-reflection and AR coatings 


® A/20 high-precision optics 
* * spherical, aspherical and flat lenses and mirrors 
»*collimation testers and profilometers 


www.OceanOptics.com 


L 



Phone: (727) 733-2447 
Fax: (727) 733-3962 
lnfo@OceanOptics.com 
www.OceanOptics.com 
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2 Gigabyte 

On-Board Acquisition Memory 
Up to 500 MS/s Sampling Rate 


8 bit, 500 MS/s A/D Sampling 
«* 12 bit, 1 00 MS/s A/D Sampling 
«*• 16 bit, 2.5 MS/s A/D Sampling 
"*■ 32 bit, 100 MHz Digital Pattern Acquisition 
Supports PCI Bus Transfers 
■<+■ Compatible with Win 95/98/NT, Win 2K, DOS 


For Free Application Engineering 



2 GS/s 


A/D & Scope Card for PCI Bus 

CompuScope 82G 

2 Billion Samples per Second 
Digitization on one Channel 

Simultaneous IGS/s Sampling 
on 2 Channels 

Up to 16 Meg On-Board 
Acquisition Memory 

Wide Analog Bandwidth 

♦ SDKs for DOS, Win 95/98, Win NT, 
MATLAB, LabVIEW 






GAGE APPLIED SCIENCES INC. 


From outside the United States contact, Gage Applied Sciences Inc., Tel: +1-514- 633-7447 Fax: +1-514- 633-0770, e-mail: prodinfodgage-applied.com 
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There are 
a ton of reasons 
to use Vespel just 
about anywhere. 


The reasons to use Vesper polyimide parts and shapes 
keep piling up. And not just because they stand up to heat 
friction, pressure and aggressive environments - with 
minimal or no lubrication. Manufacturers are finding that 
Vespef parts in a wide range of applications can really 
trim the bottom line. That's because the reliability and 
long life of Vespef parts can make them the most cost- 
effective choice for general applications in the long term. 


If your applications require parts that can withstand 
extreme temperatures (cryogenic to 550 F), Vespef should 
be your first choice. Vespef should also be considered for 
parts that rub together, if metal parts are too noisy, or if 
fluid flow needs to be controlled. 

Superior performance and reliability aren't the only 
ways Vespef can save you money. Often, you can con- 
solidate two or more existing parts in one Vespef piece. 




COMBINE MULTIPLE 

COMPUTER 
& VIDEO 
SOURCES 

ON A SINGLE SCREEN 



SUPERVIEW 

DISPLAY PROCESSOR 

LETS YOU COUNT UP TO 
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www.kingston.com/storage 











SIMPLY BRILLIANT. 

INTRODUCING THE 

Kingston infestation™ 


When it comes to intelligent storage enclosures, the spotlight shines on 
Kingston’s new lnfoStation'!' Perfect for RAID applications, the InfoStation is a scalable backplane 
expansion chassis featuring: 

• Support for up to (9) 3.5” Ultra2 (LVD) drives 

• A user display and control interface for drive bay configuration and system set-up 

• Upgradable support for up to 4 host channels (60 devices) 

• (2) redundant, hot swappable, load sharing 400W power supplies 

• (4) high-pressure, variable-speed blowers in (2) hot swappable modules 


• A generous 7-year warranty 


With many field-upgradable options to come, such as a SCSI RAID controller board, a Fibre to 
SCSI bridge, and remote monitoring capabilities, the InfoStation is flexible and will grow with 
your future storage needs. 


Call Kingston* * Storage today at (888) 435-4963 to request more information about this brilliant 
new addition to Kingston’s family of rugged and reliable Rhino* T/l TintkfAIl* 

products. Mention this ad and Kingston will include a small Inh* |\ ^ J' 
token of appreciation in your literature packet. 


STORAGE PRODUCTS DIVISION 


« ® A @ 
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NASA 

Commercial 

Technology 

Team 


NASA’s R&D efforts produce a robust supply of promising technologies with applications in many 
industries. A key mechanism in identifying commercial applications for this technology is NASA’s 
national network of commercial technology organizations. The network includes ten NASA field cen- 
ters, six Regional Technology Transfer Centers (RTTCs), the National Technology Transfer Center 
(NTTC), business support organizations, and a full tie-in with the Federal Laboratory Consortium 
(FLC) for Technology Transfer. Call (609) 667-7737 for the FLC coordinator in your area. 


NASA’s Technology Sources 


NASA Program Offices 


If you need further information about new technologies presented in NASA Tech Briefs, 
request the Technical Support Package (TSP) indicated at the end of the brief. If a TSP is 
not available, the Commercial Technology Office at the NASA field center that sponsored 
the research can provide you with additional information and, If applicable, refer you to the 
innovator(s). These centers are the source of all NASA-developed technology. 


Ames Research 
Center 

Selected techno- 
logical strengths: 
Fluid Dynamics; 
Life Sciences; 
Earth and 
Atmospheric 
Sciences; 
Information, 
Communications, 
and Intelligent 
Systems; 

Human Factors. 
Carolina Blake 
(650) 604-1754 
cblake@mail. 
arc.nasa.gov 

Dryden Flight 
Research Center 

Selected techno- 
logical strengths: 
Aerodynamics; 
Aeronautics 
Flight Testing; 
Aeropropulsion; 
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Integrated 
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These organizations were established to provide rapid access to NASA and other federal R&D and 
foster collaboration between public and private sector organizations. They also can direct you to the 
appropriate point of contact within the Federal Laboratory Consortium. To reach the Regional 
Technology Transfer Center nearest you, call (800) 472-6785. 
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Southern Technology 
Applications Center 
University of Florida 
(352) 294-7822 


Gary Sera 

Mid-Continent 
Technology Transfer 
Center 

Texas A&M University 
(409) 845-8762 

Lani S. Hummel 

Mid-Atlantic Technology 
Applications Center 

University of Pittsburgh 
(412) 383-2500 


Chris Coburn 

Great Lakes Industrial 
Technology Transfer 
Center 

Battel le Memorial 

Institute 

(440) 734-0094 


NASA ON-LINE: Go to NASA’s Commercial Technology Network (CTN)on the World Wide Web at 
http://nctn.hq.nasa.gov to search NASA technology resources, find commercialization opportunities, 
and leam about NASA’s national network of programs, organizations, and services dedicated to tech- 
nology transfer and commercialization. 


At NASA Headquarters there are 
seven major program offices that 
develop and oversee technology pro- 
jects of potential interest to industry. 
The street address for these strategic 
business units is: NASA Headquarters, 
300 E St. SW, Washington, DC 20546. 


Carl Ray 

Small Business 
Innovation Research 
Program (SBIR) & 
Small Business 
Technology Transfer 
Program (STTR) 
(202)358-4652 
cray® mail. hq. 
nasa.gov 

Dr. Robert Norwood 
Office of Commercial 
Technology (Code RW) 

(202) 358-2320 
morwood@mail. hq. 
nasa.gov 

John Mankins 
Office of Space Flight 
(Code MP) 

(202) 358-4659 
jmankins@mail. 
hq.nasa.gov 


Terry Hertz 
Office of Aero-Space 
Technology (Code RS) 

(202) 358-4636 

thertz@mail. 

hq.nasa.gov 

Glen Mucklow 
Office of Space Sciences 
(Code SM) 

(202) 358-2235 

gmucklow@mail. 

hq.nasa.gov 

Roger Crouch 

Office of Microgravity 
Science Applications 
(Code U) 

(202) 358-0689 
rcrouch@hq. nasa. gov 

Granville Paules 
Office of Mission to 
Planet Earth 
(Code Y) 

(202) 358-0706 

gpau/es@mtpe.hq. 

nasa.gov 


NASA's Business Facilitators 

NASA has established several organi- 
zations whose objectives are to estab- 
lish joint sponsored research agree- 
ments and incubate small start-up 
companies with significant business 
promise. 


Wayne P. Zeman 

Lewis Incubator for 
Technology 

Cleveland, OH 
(216) 586-3888 

B. Greg Hinkebein 
Mississippi Enterprise 
for Technology 

Stennis Space 
Center, MS 

(800) 746-4699 


Joe Boeddeker 

Ames Technology 

Commercialization 

Center 

San Jose, CA 
(408) 557-6700 

Marty Kaszubowski 

Hampton Roads 
Technology Incubator 
(Langley Research 
Center) 

Hampton, VA 
(757) 865-2140 


If you are interested in information, applications, and services relating to satellite and aerial data for Earth resources, contact: Dr. Stan Morain, Earth Analysis 
Center, (505) 277-3622. 
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Don’t just predict 
your real-time systems 
performance. Prove it. 




products, you can accurately test the 
performance of real-time embedded system 
designs on a low-cost PC long before your final 
target hardware is available. Simulink code 


generation products convert block diagrams to 

New PC- in- the -loop products enable real-time 

rapid prototyping of embedded designs on real-time C code for rapid prototyping. You can 

standard x86 PC hardware in any form factor. 

then go directly to your embedded target with our production-quality code. 

Learn how PC*in-the-Loop products enable rapid prototyping right on your own desktop. 


To get your Embedded Systems Technical Kit, for pricing information, or to buy 


online now, visit www.mathworks.com/ntcg. 


SIMULINK" 


The 

MATH 

WORKS 

^ i^ >=> 


Design and develop 
complex embedded 
systems faster and 
more efficiently with 
Simulink products. 


Visit www.mathworks.com/ntcg 
or call 508-647-7000 

Wc have a worldwide network of international representatives. 

Visit our Web site at www.mathworks.com/eur for more information. 



For More Information Circle No. 557 


Understanding the 
Global Climate 

I n a keynote address to weather 
forecasters early this year, NASA 
Administrator Daniel S. Goldin out- 
lined NASA’s role in studying Earth’s 
climate — specifically, the agency’s 
commitment to scientific research that 
will help forecasters make more accu- 
rate weather predicdons. NASA tech- 
nology has helped predict such events 
as El Nino and La Nina. For the future, 
NASA’s Earth Sciences projects could 
result in new satellite technologies and 
models to help the National Weather 
Service provide accurate 10- to 14-day 
forecasts. 

“What most people don’t know is that 
our efforts to open the space frontier 
are largely based on our quest to under- 
stand our own planet,” said Goldin. 
“Our development of new technologies 
and Earth-observing spacecraft comple- 
ment the vital work of our sister agen- 
cies in weather prediction and global 
climate modeling.” 

NASA missions such as the Landsat 7 
Earth-mapping satellite, the Tropical 
Rainfall Measuring Mission, and Terra, 
an Earth observatory, contribute to our 
understanding of the global climate. 

For more information on NASA ’s Earth 
Science Enterprise , visit the web site at 
www. earth, nasa.gov. 


Linux Takes Off at JPL 

N ASA’s Jet Propulsion Laboratory (JPL) in Pasadena, 
GA, has begun experimenting with the Linux operat- 
ing system for its performance and cost-savings potential. 
Computers that run the navigation systems for smaller 
projects such as the Mars Pathfinder have been expensive 
due to the high performance required. According to 
Peter Breckheimer of the Navigation and Flight 
Mechanics Section of JPL’s Systems Division, as PC costs 
declined and speeds improved, the lab decided to use 
Linux in certain projects as an alternative to more 
expensive UNIX platforms. 

Breckheimer’s group designs, implements, and main- 
tains the Institutional Navigation System Software (INSS) 
in all flight projects, including Cassini, ( Galileo, and Deep 
Space 1. The INSS consists of more than 160 programs 
written in Fortran 77, C, and Hypertext Markup language, 
totaling more than 4.5 million lines of source code. 

INSS was designed for portability, and has run on a 
number of computer systems over the past 40 years, from 
IBM mainframes, to Digital Equipment Corp. VAX mini- 
computers, to Hewlett-Packard HP-UX systems. The new 



Linux operating system was chosen over Microsoft 
Windows NT because the lab had tens of thousands of lines 
of UNIX G-shell scripts with no adequate tool to convert 
them to NT. 

Visit the JPL web site at wwiajpi nasa.gov. 


PRODUCT OF THE MONTH 



I ntergraph Computer Systems, Huntsville, AL, has introduced the ZxlO 
ViZual Workstation™ that features new Wahoo Technology™ with Streaming 
Multiport Architecture™. This architecture is specifically designed to 
improve system throughput and performance of the 2D/3D graphics 
pipeline. The workstadons also feature 64-bit PCI buses, single or dual Intel 
Pendum® III 733-MHz processors, up to 8 GB of PC133 ECC SDRAM, and 
Intense3D Wildcat™ 4110 VIO 3D graphics. Designed for high-performance 
MCAD and visual simulation applicadons, the ZxlO workstadons are Windows 
NT-based and provide a 128-bit memory bus running at 133 MHz. The com- 
puter’s Ultra-tower chassis provides internal support for seven drive bays and 
seven full-length, full-sized card slots. 

For More Information Circle No. 756 
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PHOTONICS SOLUTIONS FOR THE DESIGN 




New Products — 
see page 32a 



Imaging for 
Communication 
Products Reliability 


Finding Cracks and 
Checking Walnuts 


Multimode-Optical-Fiber 
Imaging Probe 


Synchronized WDM Pulses 
in Nonlinear Fibers 
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CONFOCAL LASER SCANNING 




POINT 

SOURCE 

www.point-source.com 


Fluorescence 

Microscopy 



The pace of the human genome project with 
its goal of discovering 3 billion base pairs of 
the human genome by 2003, has driven the 
development of new instruments capable of 
handling the vast amounts of information 
analyzed. Technologies to characterize gene 
expression and DNA Cloning requiring high 
throughput screening and processes for rapid 
molecular separation have been developed. 



Confocal laser scanning for fluorescence 
microscopy is the enabling technology for 
human genotyping. Point Source engineers 
are using Flexible Laser Technology to offer 
the ultimate in adaptable solutions to fiber 
coupled Argon lasers for remote delivery of 
excitation wavelengths. 

Visit www.kineflex.com today. 





Now you can achieve 90 % QE! 

There’s only one CCD that delivers QE 
greater than 90% in the visible region, 
and 50% at UV, and it’s from Hamamatsu. 
In fact, our new thinned, hack-illuminated 
FFT CCDs set the standard in 
spectrographic imaging. 



You’ll also discover that 
in the line binning mode, 
the new CCDs’ rectangular 
pixel format makes them the perfect choice 
for spectrophotometry. Plus, low readout 
noise and low dark current in MPP mode 
deliver dynamic range of greater than 2\ b 

In addition, our CCD sensors integrate 
either single-stage or cascaded ftltier cooling. 


Well kave you up and miming 
in no time. 

Just call for Hamamatsu’s complete 
evaluation kit which includes: our FREE 
Lab VIEW* software drivers, a detector 
module, an A/D converter; and 
PC interface cable. It’s all you 
need to apply the benefits of our 
hack or front-illuminated CCD 
sensors to your design... today. 

Fior technical literature 
or application assistance, call 

1-800-524-0504. 

E-mail: usa@hamamatsu.com 
Website: http://usa.hamamatsu.com 

HAMAMATSU 

France +33-01-695371 00 • Germany +49-8152-3750 
Spain +34-93 582 44 30 • Italy +39-02-93581733 
Sweden +46 8 50 90 31 00 • UK +44-20 8 367-3560 
Switzerland +41 31 879 7070 • Belgium +32 10 63 34 

LabVIEW is a Reg. TM of National Instruments 

Visit www.nasatech.com/488 


Precision Molded 
Plastic Optics 


■ Complete mold making facilities, 
including a CNC machining center, 
EDM machines and Nanoform 200 
diamond turning center, 

■ State-of-the-art molding facilities. 

■ Comprehensive testing, measurement, 
and evaluation capabilities, including 
Zygo Interferometer, Taylor-Hobson 
Form TalySurf S6 PGI and various 
client-provided testing capabilities. 

■ High quality, quick turnaround 
diamond-turned prototyping in 
most substrates. 

■ High quality production of optical 
elements such as diffractives, hybrids, 
aspheres, cylinders, prisms, toroids, 
mirrors and HUDs. 

■ Collimating lenses for laser diodes. 

■ Optical design services provided from 
minimal assistance to full design 
capabilities. 

For design, production or pricing infor- 
mation, please contact us. 

AVIMO 


AVIMO PRECISION POLYMER OPTICS 


A member of Avimo Group Limited 

560 West Terrace Drive 
San Dimas, California 91 773 
Telephone 909-599-9341 
Fax 909-592-2780 
www. polymeroptics. com 
Email: infoatappo@aol.com 
salesatappo@aol.com 




P HOTONICS 
Tech Briefs 


Supplement to NASA Tech Briefs' March 2000 Issue 
Published by Associated Business Publications 

Features 

6a Photonics Tech Briefs 1999 Readers' Choice Products 
of the Year 

8a Hitting the Deck with High-Speed Imaging 

14a Finding Cracks and Checking Out Walnuts 

Tech Briefs 

1 8a Development of Multimode-Optical-Fiber Imaging Probe 

20a Generating Synchronized WDM Pulses in a Nonlinear 
Optical Fiber 

22a Cancellation of Laser Noise in an Unequal-Arm 
Interferometer 

24a Tunable, Single-Frequency, Fiber Fabry-Perot VCSELs 

25a Alloy Casting Produces New Mirror Technology 

25a Filterless Si-Based Ultraviolet-Selective Photodetectors 

28a Improved Cross-Correlation Dynamic-Light-Scattering 

Method 

30a Reducing the Volume of a Holographic 

Data-Storage System 

31a Fabricating Small Apertures in Silicon-on-lnsulator 

Wafers 

Departments 

4a The Power of Light — from SPIE, the International 
Society of Optical Engineering 

32a New Products 
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Bob Breault, President, Breault Research Organization 

Dr. Geoffrey Burnham, President, Semiconductor Laser 
International 

Dr. Jack D. Gaskill, Professor of Optics, Optical Sciences 
Center, University of Arizona 

Dr. Arthur Guenther, Professor of Electrical Engineering and 
Physics & Astronomy, Center for High Technology Materials, 
University of New Mexico 

R. Brian Hooker, Associate Research Professor, Dept, of 
Electrical and Computer Engineering, University of Colorado 
at Boulder 

Heather Tooker, General Manager, Meadowlark Optics 


On the Cover: Point Source's picoFLEX miniature single- 
mode fiber delivery system, the assembly of which is 
constructed from a ruggedized small-bore stainless steel 
jacket. Photo courtesy Point Source. 
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Beyond Imaging 


Princeton Instruments Spec-1 O 

Reach the Pinnacle of Research! 



m 


Whether you're a research spectroscopist looking 
for peaks buried in the noise or a QC specialist 


onitoring a critical process, getting the results you need 


depends on the right instrumentation. The low-noise, high- 


sensitivity Spec-10 detection system has been built specifically 


for Optical spectroscopy from the UV to the NIR. 
Discover how Roper Scientific uses a solutions-based 
approach, extensive engineering capabilities, and responsive 
support to help you go beyond imaging. 


< 0 > 

Roper Scientific 

Princeton Instruments j 

/ 


Call or write lor more inlormation. 

3660 Ouokerbridge Road Trenton. NJ 08619 tel: 609387 9797 fax. 609.587.1970 
email: infoc.aHoperscienlifk.com web: www.roperscienlific com 





Light Shaping Diffusers 

• High transmission efficiency (up to 92%) • Controlled light distribution (0.2° to 95°) 
• Homogenized light • Mass produced technology 


Physical Optics Corporation 


Ph: (310) 320-3088 Fax:(310)320-8067 Web: www.poc.com 

Manufactured under U S. patent nos. 5.365.354; 5.534,386; 5.609.939; 5.631.754; 5.629.996 and other patents pending 
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Want to get a grip on IR? 


Quality test equipment is within your grasp. 


Electro Optical 
Industries, Inc . 

859 Ward Drive • Santa Barbara, CA 93111-2960 • 805-964-6701 • Fax 805-967-8590 

www.electro-optical.com 



The Power of Light 


SPIE Technical Groups 

SPIE technical groups provide a valu- 
able means to connect and interact with 
colleagues having common technical 
specialty interests. Membership is open 
to all, with SPIE members receiving a 
discounted membership fee. 

Technical group members receive 
annual directories that include member 
e-mail, fax, phone, and address informa- 
tion; a subscription to OE Reports , SPlE’s 
monthly membership newspaper; regu- 
lar communication via a special secdon 
of OE Reports ; periodic newsletters for 
specific group addresses to technology- 
specific listservs and other on-line ser- 
vices; discounts on conferences, short 
courses, and publicadons; and an annu- 
al meeting at an SPIE symposium. 

If you’re looking at research and 
development in associated fields, techni- 
cal group membership is a cost-effecdve 
way to gain immediate access to a world- 
wide body of experts already working in 
the target technology. 

If you’re working with a new technol- 
ogy 7 , technical group membership can 
help introduce you to hundreds of oth- 
ers working in your field. SPIE develops 
new partnerships and organizations to 
provide additional benefits to each tech- 
nical group. 

If you believe in sharing information 
to inspire technological advances, then 
SPIE technical group membership is for 
you. Sign up on line (www.spie.org/ 
membership.html) for these technical 
groups: Adaptive optics; BACUS — pho- 
tomask technologies; International Bio- 
medical Optics Society (IBOS); Women 
in optics working groups; Electronic 
imaging; Fiber optics; Healthcare engi- 
neering and technology' policy (HETP); 
High-speed photography, videography, 
and photonics; Holography; Laser com- 
munications; Lens design; Noninvasive 
inspection technologies; Optical process- 
ing and computing; Optical materials; 
Optomechanical and precision instru- 
ment design; Penetrating radiation; Pho- 
tolithography; Robotics and machine 
vision; Smart structures; Thermal infrared 
sensing for diagnostics and control 
(Thermosense); and X-ray and UV optics. 

Contact SPIE for more information: 
umrw.spie.org; spie@spie.org; 
phone 360-676-3290. 
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Got Purity? 


Think there’s nothing more pure and wholesome than milk? Think again, /eon’s family of cyclo-olefin polymers are so dean, 
so clear — we re talking organic and inorganic residuals in parts per billion. 

So for applications that require maximum transparency plus low extractables, low birefringence and extreme water resistance, 
choose Zeonex ' or Zeonor . Both offer high stability over a wide range of temperatures and a broad selection of grades. In fact, 
you’ll find grades for diverse applications— torn medical packaging, to semiconductors, to precision light-weight optics. 

Need more calcium? Drink milk. But if you want pure polymers — plus service with a 
smile — call a Zeon representative today. Around the world you’ll find our plants and 
development laboratories leading the way in polymers, elastomers and spocialtv chemicals. 


ZEON 

( H ( M I ( A 1 S 

Hdpin g To Sluijh' The World Through Tcdmolog t 




Zeon Chemicals • Louisville. KY* USA Telephone: K77-ASK ZLON. Fax: 502-775-2025 
Zeon Europe Gmbll • Dtisseldorf. Germany Telephone: 40 21 1-52070. Fax: 40-211-5267160 
Nippon Zeon Company • Tokyo, Japan Telephone: 81-33-216-1760. | ; a\: 81-33-216-1777 


Twice the 
msing distant 
■i rapid respond 

S'es, you can have botM 


Great Range: 

♦ 320mm with FRI05BC 
Features: 

♦ Backlit LCD Digital Display 

♦ Auto Sensing/Teaching/Locking 

♦ External Teaching Input 

♦ Light-on/Dark-on Selectable 

♦ Timer Function Selectable 

♦ Available with Red, Green 
or Blue LEDs 

Response Time: 

♦ 500 jisec 
Built-in bonus: 

♦ Built-in Self Diagnostic 

♦ Built-in Interface Protection 

♦ Built-in Short Circuit Protection | 

WWW.pulnix.com 

PlJLNiX America, Inc. 

1330 Orleans Drive, Sunmvale, CA 94089 
Td: (408)747-0300 ♦ Fax:(408) 747-0600 

ma 

TAKEX 


I -800-445-5444j 


Photonics Tech Briefs 

— ^1999 

Readers' Choice Product of the Year 

Readers’ votes for Photonics Tech Briefs' Third Annual Product 
of the Year Awards have been tallied, and the winners are: 



Gold Winner 


and Product of the Year Winner 

Lambda Physik (Ft. Lauderdale, FL) ScanMate OG, 
a complete spectroscopy system for critical work in the UV, 
visible, and near-IR, continuously tunable 
from 320-1036 nm 


Silver Winner 


Synrad (Mukilteo, WA) FH Series C0 2 laser marking system 
with a galvanometer-based scanning head, marking 
software, focusing lenses, mounting assemblies, 
and power meters 


Bronze Winner 


Metier Optics (Providence, Rl) high-precision optical domes 
for protecting sensors and detectors from water, chemicals, 
particles, debris, and corrosive materials 


Other finalists include Siemens Microelectronics (Cupertino, CA) stack- 
able high-power laser diode bars, TUIOptics GmbH (Munich, Germany) 
blue external cavity diode laser, and Spectra-Physics (Mountain View, CA) 
Mai Tai “ tunable Ti:sapphire femtosecond laser source 

Winners were chosen by reader vote on Photonics Tech Briefs’ web site 
from among the six Products of the Month nominated by the editors dur- 
ing 1999. The awards were presented to the winning companies at a recep- 
tion cosponsored by Photonics Tech Briefs and SPIE at Photonics West 2000 
in San Jose in January. 
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ZEMAX 


Version 9.0, now with 
scattering and ray splitting 


Optical Design Software 

■ MMWMWBBBM— — — — — — 


ZEMAX is the perfect tool to layout, design, optimize, analyze, and tolerance refractive, reflective, diffractive, 
sequential, or non-sequential optical systems. ZEMAX is simple to use, powerful, and affordable. See our web 
site, www.zemax.com, for a demo version and detailed discussion of ZEMAX features! 

ZEMAX-SE: $1,000 



Surfaces: 3D placement of spheres, aspheres, toroids, holograms, gratings, Fresnels, more • Analysis: spot diagrams, 
layouts, MTF, PSF, field curvature, distortion, ray fans, vignetting, diffraction, ghost focus, encircled energy, Rl, footprint, 
Gaussian beams, Zernikes, more • Tools: optimization, tolerancing, CAD export, zooms, glass/lens catalogs, much more! 


ZEMAX-XE: $2,000 


All ZEMAX-SE features plus: Effective automatic global optimization • Powerful "Hammer” optimization • Automatic glass 
selection • Extensive macro language • Gradient index materials • Dispersive axial/radial gradients • Automatic test plate 
fitting • MTF optimization • MTF tolerancing • Encircled energy optimization • Fiber optics coupling optimization • More... 



ZEMAX-EE: $3,000 


All ZEMAX-XE features plus: Non-sequential ray tracing through 3D solid objects • Prism library • Real Fresnel lenses • CAD 
defined objects • Faceted reflectors • Beam splitters, diffusers • Arbitrary 3D sources • Multiple ray splitting/scattering • 
BSDF scattering on surfaces and objects • Polarization ray tracing • Multilayer thin films • Bulk and surface transmission • 
Birefringent dispersive materials • Nonlinear thermal analysis and optimization with automatic set-up • User defined sur- 
faces, operands, tolerance statistics, apertures • Compiled analysis extensions • Tolerance scripting macros • More... 


Focus Software, Incorporated 
P. O. Box 18228, Tucson, Arizona 85731 USA 
Tel: (520) 733-0130 Fax: (520) 733-0135 

. WWW.ZEMAX.COM 

ZEMAX is a registered trademark of Focus Software, Inc. 






Hitting 

the 

Deck: 

with 

High-Speed 

Imaging 


Motion analysis contributes to the quest 
for impact -tolerant products. 



Suresh Goyai, a mechanical engineer in the 
Wireless Packaging Research Department 
of Bell Labs, positions the HS motion ana- 
lyzer Model 4540 to capture high-speed 
digital imagery. 


H igh-speed motion analysis has 
emerged as an important tool 
for product reliability engi- 
neers. At Lucent Technologies’ Bell 
Labs, for example, it is used in research 
on packaging of reliable, impact-toler- 
ant components for communications 
products. 

Reliability is a critical measure of qual- 
ity in high-tech communications prod- 
ucts, and Lucent supplies components 
to manufacturers of portable electronic 
devices for which impact tolerance — 
surviving accidental drops and impacts 
— is not only a valuable attribute but a 
major selling point. 

Portable electronic devices offer 
mobility. But with mobility comes risk. 
Cellular phones, notebook computers, 
personal digital assistants and pagers 
drop to the floor or are bumped against 
unyielding objects every day. Yet users 
expect them to continue operating. 

That’s where the work of such 
researchers as Suresh Goyai comes in. 


Goyai, a member of the technical staff in 
the Wireless Components and Pack- 
aging Research department at Bell Labs 
in Murray Hill, NJ, analyzes products 
and studies how r impacts affect them. He 
then works with designers to improve 
the impact tolerance of products. Bell 
Labs, whose scientists are responsible for 
many of the greatest inventions of the 
past century, from the transistor to the 
laser and cellular telephony, is the 
research and development arm of 
Lucent Technologies. 

Impact-Induced Loads 

During impact testing, the force on a 
portable device such as a cellular phone 
may range from hundreds to thousands 
of g’s ( 1 g is the acceleration of an object 
because of gravity) over the course of 
several milliseconds. As a result, the 
product’s housing may become de- 
formed or come apart, and such fragile 
components as ceramic substrates or liq- 
uid crystal displays may fracture. 
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It STANds 
It's Top-oF- 
It's tFie nex 



IQ-12004B 

Dense WDM Passive Component Test System 
from EXFO, the Fiber-Optic Testing Specialists. 


Complete automated DWDM component analysis is finally available with our 
new IQ-12004B DWDM Passive Component Test System. It is fast, accurate, 
and flexible, yet uncomplicated and totally autonomous. We built it from 
the ground up, drawing on our expertise as fiber-optic testing specialists 
and system integrators and on your input to create a system that will get 
your next-generation products qualified, tested, and out the door. 

And that, in the final analysis, is the bottom line. 


The forward-looking ^ 

DWDM system has arrived. 


www.exfo.com 



we design the future. ™ 


CORPORATE HEADQUARTERS Tel : (418) 683D2H Fax: (418) 683-2170 EXFO AMERICA Tel : 1 800 663-3936 Fax: (972) 907-2297 
EXFO EUROPE Tel *33 1 34 63 00 20 Fax. <-33 1 34 65 90 93 EXFO ASIA Tel.. ♦81-3^940-5410 Fax ♦81-3-5940-5415 





High-speed digital photography allows Lucent product and 
packaging engineers to immediately see weaknesses in 
product design that lead to product flexing and deformation, 
according to Qoyal. 


“A dropped portable 
electronic device is most 
likely to strike the floor 
at an angle," Goyal 
said. “First one corner 
touches down, then the 
object rotates, and other 
corners bounce and 
clatter. The result is that 
the ends of the product 
strike at much higher 
velocities and receive 
much more powerful 
impacts than the initial 
drop would lead you to 
expect.” 

The most common 
approach to protecting 
portable electronic equip- 
ment against such impact 
forces comes in the form 
of plastic housings with 
extra-thick walls, numer- 
ous screws, snaps, and 
hooks to hold the casing 
together, and extra space 
between components. 
But in communications, 
the market demands 
small, lightweight prod- 
ucts. So designers must 
find other ways to protect 
the delicate internal elec- 
tronics. 


Are You an 
INSIDER? 

Read about it FIRST in the INSIDER, the free e-mail 
newsletter from NASA Tech Briefs. 

Exclusive previews of upcoming articles... late-breaking 
NASA and industry news.. .hot products and design 
ideas.. .links to online resources... and much more. 


Sign up today at www.nasatech.com 


Look for this button at the top of the home page. 


FREE 

NEWSLETTER 


The Role of High-Speed 
Imaging 

To observe and record the complex 
sequence of events in impact testing, 
Goyal employs a high-speed camera — 
preferably one that can record from 
1000 to 10,000 frames per second. 
“The higher the frame rate, the better. 
The higher the time resolution, the 
greater the information we have to 
work with,” he explains. 

At present Goyal is using the high- 
speed motion analyzer Model 4540 from 
Roper Scientific MASD (formerly 
Eastman Kodak Company’s Motion 
Analysis Systems Division). The imager 
captures up to 4500 full-frame gray-scale 
images per second at 256 x 256 pixels 
and up to 40,500 partial frames at lesser 
resolutions. Typically, he uses the analyz- 
er at 4500 to 18,000 frames per second. 

The high-speed modon analyzer cap- 
tures an event digitally in dynamic RAM. 
The sequence of images can then be 
saved to a hard disk or written to CD, 
like any computer data, or recorded on 
analog videotape. A direct digital inter- 
face from the analyzer’s CPU to a desk- 
top computer makes it simple to store 
the images for later review and quantita- 
dve analysis using a computer. 

Using the high-speed digital motion 
analyzer to document and study impact 
tesung lets Goyal frame the shot, record, 
and view the image series in minutes. If 
he wants to see different views of the 
impact event, he can stage the experi- 
ment again until he succeeds in getdng 
the scenes he wants. 

The high-speed motion analyzer he 
uses, configured with 1536 megabytes 
of DRAM, can capture and store 24,576 
frames (5.46 seconds of recording at 
4500 frames per second). Out of that 
total, only a few hundred capture the 
impact event. The lab’s previous digi- 
tal-motion analyzer could capture only 
0.66 seconds of data. The extended 
period of capture now makes it much 
more likely that the event will be suffi- 
ciently recorded in a single attempt, 
since it isn’t necessary to synchronize 
the event and trigger the motion ana- 
lyzer so precisely. 

Once the images are captured, Goyal 
can review them on a video monitor at a 
variety of playback speeds, from real- 
time replay to freeze frame. A few mil- 
liseconds can be stretched out to 
minutes. 

Selected frames can be analyzed in 
detail. Goyal can choose a subset of the 
event — a half dozen frames that cap- 
ture the most important moments — 
and share them over e-mail with 
designers in the next building or thou- 
sands of miles away. 
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Create 

Detect 

Transform 


Custom Optics and Coatings 


Standard Components • Custom Designs • Production Quantities • JIT Delivery 

Melles Griot manufactures both standard optical components and custom optics designed to your 
unique material, surface, and coating requirements. Call us. Our applications engineers will work 
with you to develop the right optic for your application — in the production volumes you need, 
on time, and at a competitive price. 



Lenses 

• Achromatic 

• Singlet, doublet, 
and triplet 

• Cylindrical 

• Beam expanding 
and collimating 

Mirrors 

• High energy laser 

• Protected silver 

• Broadband UV 

• Hot/cold 

• Flat, curved, parabolic 



Filters 

• Neutral density 

• Color glass 

• Short/long pass 

• Interference 

• Hot/cold 

Optical Coatings 

• Custom design or 
standard 

• Ultrafast 

• Antireflective 

• High energy 

• Hard and durable 


Find out more: 

Call 1-800-835-2626 


the practical application of light 



PHOTONICS COMPONENTS 

16542 Millikan Avenue • Irvine, California 92606 • 1-800-835-2626 • (949) 261-5600 • FAX (949) 261-7790 • E-mail: mgsales@irvine.mellesgriot.com 


Japan (03) 3407-3614 Europe (0316) 333041 



A member of Barlow Scientific Group Ltd. 
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Making Sense 
of the Images 

What do the images 
show? The body of a 
device with a clamshell 
case flexes when it strikes a 
surface. It deforms and 
buckles, and the top and 
bottom halves of the case 
separate momentarily. 
These are effects that can 
be seen and understood 
only by viewing the high- 
speed images. A second 
after a device is dropped, 
it may appear completely 
normal and unaffected. 
Only the digital images 
reveal the violence it has 
endured. 

“The high-speed images 
are used to validate analyt- 
ical results and to design 
modifications,” Goyal said. 
The final product design is 
tested before commercial 
release. 

The value of this work 
can be measured in the 
increased reliability of 
pad crtfor^er r — Products. Greater impact 
analyzer. tolerance means fewer 


warranty claims, which translates 
directly to the bottom line, and a repu- 
tation for reliability in the market- 
place. 

The value of testing makes even 
more sense as the value of the product 
increases. Devices with special capabili- 
ties and proprietary interfaces may sell 
for hundreds or thousands of dollars, 
but they are likely to come with an 
iron-clad warranty. Whatever happens 
to them, the customer can take them 
back for replacement. For products 
like that, impact tolerance is critical. 

The value of impact testing is clearly 
more important than ever before. 
Impact test data can be used to opti- 
mize designs almost from the start of 
the design process. 

“Equally important, it confirms the 
public perception of products as stur- 
dy, reliable, and of the highest quality,” 
Goyal said. “It’s difficult to put a price 
on that.” 

For more information , contact Wendy 
Telford at Roper Scientific MASD, 11633 
Sorrento Valley Rd., San Diego, CA 92121; 
(858) 535-2909; e-mail: wendytel.aol.com; 
www. masdroperscientific. com. 
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Fast Accurate Measurement for Reflective Material 


• Optimized for highly polished 
targets from perfect mirrors to 
semi-specular surfaces 

• Silicon Wafers, Aluminum, Stainless 
Steel and other reflective materials .. 

• Fast, accurate measurements in harsh 
industrial conditions 

• OEM/Custom capabilities, Specialized 
solutions for OEM, Machine Builders 
& System Integration 


• Free Consultation • 30 day product trial 



IMISelcom 


tCONTWX 

SLS-7000 




J 10nm resolution over a 1mm 
* measurement range 

V 10-20 micron spot size 

^ 16kHz sample rate w/ patented 
•'Fast Light Control Circuit" 

J Optional integrated CCD camera 
1 for accurate spot position 


V 5nm resolution at rates up to 250 kHz 

^ 10-20 micron spot size 

J Small 64 mm x 20 mm sensor size for 
1 tight work envelopes 

LNS - Laser Nano 

sensor Wfe Maa&ure Your World 
zrt -tho &psod of Light* 


Laser Measurement International vjsa & 

Industrial Sensors Division Mas te r c_ntl 

21666 Melrose Avenue Southfield. Ml 48075 Accepted 

Phone: (248) 359-2409 Fax: (248) 355-3283 E-mail: sales@lmint.com 
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What color of laser light 
do you want? 


That’s right, pick your laser light color. 
With our nitrogen pumped dye laser 
system, you can tune from 360 nm 
to 950 nm to get the color of laser light 
you want. 


No, no, no! No flowing nitrogen, no 
running water, no pumping dyes. 
With our system, you just plug in and 
turn on. Then select the wavelength for 
your research and start taking data. 

It is that simple. 


For UV light, add our doubling module. 
If you could see UV, you could watch 
it tune from 220 to 320 nm. Talk to 
us about the color of laser light you 
want and what you want to do with it. 
We would love to help! 


1 

LSI 

I 

Laser Science, Inc. 


provider of low cost laser light from UV through IR 

8E Forge Parkway, Franklin, MA 02038 508-553-2353 800-447-1020 
fax: 508-553-2355 www.Iaserscience.com 
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Finding Cracks and 
Checking Out Walnuts 


A novel nondestructive testing technique 
combines infrared imaging technology 
and ultrasonics. 


O ne of the biggest problems facing 
manufacturers of safety-critical 
parts is the existence of hard-to-fmd 
defects that can cause catastrophic fail- 
ure of materials under stress. An auto- 
motive steering knuckle is an example of 
a component that can cause serious 
injury or death if undetected cracks lead 
to mechanical failure, as when a car is 
cornering at high speed. Unfortunately, 
conventional techniques for finding 
cracks in parts all have major drawbacks. 
For example, dye penetrant inspection 
relies on fluorescent dye that penetrates 
into cracks in a surface. When the sur- 
face is wiped off, small amounts of dye 
left in the cracks will fluoresce. The dye 
is toxic, however, and the process takes 
time. X-ray imaging can reveal cracks. 


although the technique is expensive and 
hazardous, and will not effectively detect 
some crack types such as compression 
cracks. A compression crack can form 
during manufacturing when a part 
cracks at high temperature and the 
crack closes up as the part cools, render- 
ing the crack nearly invisible. 

ThermoSoniX (thermal imaging and 
sonic excitation) is a novel nondestruc- 
tive testing technique that uses high-fre- 
quency sonic excitation, together with 
infrared (IR) detection, to image sur- 
face and subsurface defects.* This 
imaging technique uses a short (50-200 
ms) pulse of high-frequency sound, typ- 
ically 20-40 kHz, that is applied at some 
convenient point on the surface of the 
object under inspection to produce 

•Paten l pending. Wayne State University, Detroit, MI. 


localized frictional heating at the 
defect. An IR camera images the heat- 
ing of the surface resulting from the 
effects of friction or other irreversible 
internal surface interactions in the 
vicinity of cracks or disbonds. These 
effects result from the fact that the two 
surfaces of internal defects do not move 
in unison when sound propagates in 
the object. Thus, for instance, the fac- 
ing surfaces of a closed crack will 
appear as a planar heat source. 

A crack in a ductile iron part is shown 
in Figure 1, just before ultrasonic stimu- 
lation (left). If the crack intersects the 
surface, the heat source first appears as a 
line in the IR image, as shown in Figure 
1 at center. The line subsequendy blurs 
and broadens into a diffusely heated 



Figure 1. Crack detection in a ductile iron cast part. 
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0 P T I C A L I) E S I (i N SOFT W ARE 


LightTools. 



Refine your prototype 
in software, not hardware. 


With LightTools , you can easily simulate and optimize 

your designs without leaving your desk. The accuracy of the 
LightTools model will save you many time consuming hard- 
ware iterations. The cost of a single failed hardware iteration 
in time, profits, and market share can be astronomical. 


LightTools is easy to use, 
intuitive and powerful. With 
LightTools , you can easily 
create detailed system models or import them from CAD 
programs. An interactive ray trace gives you immediate 
feedback. Define a light source, import measured lamp data, 
model real-world surfaces, or create lens arrays and quickly get 
quantitative output. 

Still doesn't meet your specifications? I se LightTools surface 
receivers, and up to ten different irradiance and intensity output formats 
to determine where your system could be improved. These easy-to-use 
tools allow you to quickly refine your designs for optimum performance. 

LightTools now has many new features including a macro language, 
polarization ray trace, multi-layer coatings simulation, faster ray tracing of 
imported objects and other refinements. 

So, start building and refining your prototypes in software, not 

I [* hardware. Call us now to see how 




easy it is to try LightTools and start 
•>a\ ing time and money. 


OPTICAL RESEARCH ASSOCIATES 


Corporate Headquarters 32s ( » East Foothill Boulevard. Pasadena. CA 91 107 (626) 795-9101 FAX (626)795-0184 
Last Coast Oft in : W. j M \ Midwest Office: Beachwood, OH E-mail: service@opticalres.com WWW: http://www.opticalres.cora 


LightTools is a registered trademark of Optical Research Associates. 








region surrounding the original line, as 
shown in Figure 1 at right. When the 
sound pulse is turned off, the resulting 
temperature pattern decays according to 
the usual process of thermal diffusion. 
This entire process takes place in a frac- 
tion of a second, enabling high-speed 
automated defect inspection. 

Note that these images have not been 
enhanced for contrast. The superb tem- 
perature sensitivity of the indium anti- 
monide IR camera makes a fraction of a 
degree temperature rise stand out in 
sharp contrast to the surrounding mate- 
rial. Similar images have been obtained 
with damaged samples of ceramic, car- 
bon, hard plasdcs, and even walnuts and 
pistachios. In fact, any hard material 
with a high emissivity in the mid- or 
long-wave IR bands can be evaluated. 

Indigo Systems Corp. has developed a 
ThermoSoniX test station based on 
technology developed at Wayne State 
University and licensed by Indigo 


Systems. The test station, shown in 
Figure 2, is primarily intended for hand 
inspection of low-volume, high-cost 
parts such as aircraft turbine blades. It is 
also intended for research and develop- 
ment of fully automated ThermoSoniX 
inspection systems. The test station con- 
sists of the following subsystems: 

• A pneumatically actuated ultrasonic 
energy source coupled to a hard metal 
probe that makes contact with the part 
under test; 

• A mechanical structure that holds the 
actuator, ultrasonic probe, camera, 
and a platform for the part under test; 

•An Indigo Systems Merlin mid- 
infrared camera that images the part 
under test in the 3- to 5-micron wave- 
band and transmits 12-bit digital image 
data to a digital framegrabber; 

• A computer hosting the data acquisi- 
tion and control system. The test sta- 
tion is run by a LabVIEW virtual 
instrument (VI) that controls the 


Figure 2. ThermoSoniX test station. 


pneumatic actuator, the ultrasonic 
source, a digital framegrabber, and 
the Merlin camera. 

For many practical applications, this 
new imaging technique has significant 
advantages over traditional nonde- 
structive inspection methods. It is fast, 
wide-area, and sensitive to cracks with 
any geometrical orientation. Thermo- 
SoniX is not restricted to particular 
classes of materials, nor does it have the 
radiation or chemical hazards associated 
with x-ray imaging or dye penetrants, 
respectively. 

This article was written by Dr. Austin 
Richards , applications engineer at Indigo 
Systems Corp., and Prof. Xiaayan Han of the 
department of electrical and computer engineer- 
ing Wayne State University, Detroit, MI. For 
further information, contact Indigo Systems at 
5385 Hollister Ave., Suite 103, Santa Bar- 
bara, CA 93111; (805) 964-9797; fax: (805) 
964-7708; e-mail : richards@indigosystems. 
com; www.indigosystems.com. 
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Formerly Eastman Kodak Company's Motion Analysis Systems Division 

Easy to Setup . Easy to Use. 
Easy to See Why. 
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M eet the new Roper Scientific CR Imager, 
Model 2000. A camera so easy to set-up 
and use that it makes getting high quality 
images for your R&D project the norm and not 
the exception. Select a lens, connect the camera 
to a power supply and you are set to go. 

What’s more, you can see the results quickly 
and effortlessly. Replay the images instantly at 
a variety of speeds or download them to a PC for 
immediate analysis. System integration is a snap 
with the industry standard Ethernet connection. 
And the Model 2000 can be easily reconfigured 
to meet the needs of other unrelated experiments, 
so the useful life of the imager doesn’t end with 
any one project. 

Add Roper’s global on-site service, training 
and support, and it's easy to see why the CR 
Imager, Model 2000 is the smartest choice in 
high-speed digital cameras for your research. 

Call 619-535-2929 today or visit our website for 
all the details and specs. 



• 2000 color frames per second, 

for accurate recordings 

• direct video output, 

for live focus and field of view adjustments 

• reticle, 

for on-screen measurements 

• TIFF file format, 

for compatibility with most software 


• single button recording 

for simplified operation 


ISO 9001 

■ Et ISIEIEI 


For more information: 


www.masdroperscientific.com/ptb 


1-800-462-4307, ext. 2002 


Europe + 31-347-363-951 • Asia + 81-3-5683-7755 



ROPER SCIENTIFIC 

MASD, Inc. 
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Development of Multimode-Optical-Fiber Imaging Probe 

A very thin probe could be used to view a tightly confined object. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A developmental electro-optical system 
would enable remote real-time viewing of 
a scene through a multimode optical 
fiber, as though the fiber were a conven- 
tional image-transmitting optic like a lens 
or prism. The system is intended to be a 
prototype of fiber-optic imaging probes 
that could be made very thin and could 
be particularly useful as minimally inva- 
sive probes in medical diagnosis. 

A previous version of 
the system was des- 
cribed in “Multimode 
Optical Fiber as Ima- 
ging Probe" (NPO- 
19671), NASA Tech 
Briefs , Vol. 22, No. 2 
(February 1998), page 
21a. Both versions were 
conceived to address 
the following issue: It 
would be desirable to 
use an optical fiber as an 
imaging probe or imag- 
ing optic. Ordinarily, it 
would not be possible to 
do this because image 
information would be- 
come distorted (scram- 
bled) during propaga- 
tion along the fiber. The 
developmental system would make it pos- 
sible by exploiting phase conjugation to 
reverse the scrambling. 

The system (see figure) would include 
two multimode optical fibers, which 
would be terminated side by side at one 
end (location A) facing an object that 
one seeks to view. In the previous ver- 
sion, the tips of the fibers would face the 
object direcdy across a gap of width s. In 
the present version, a microelectro- 
mechanical Fabry-Perot interferometer 
(for use as described below) would be 
interposed between the tips of the fibers 
and the gap s. To ensure the coupling of 
sufficient phase information into and 
out of the fibers, the gap must very nar- 
row; specifically, s « ZP/A, where D is 
the aperture diameter of a fiber and A is 
the wavelength of the light. 

A source of light (in this case, a laser) 
at location C would illuminate the object 
via fiber 2. An observer at location B 
would attempt to view the illuminated 
object through fiber 1. The problem is 
to predistort the illumination (pre- 
scramble the amplitudes and phases of 
the fiber-optic waveguide modes of the 
illuminating electromagnetic field) in 
such a way as to compensate for the 


scrambling that occurs during transmis- 
sion of the image along fiber 1 from A to 
B, so that the image of the object would 
arrive unscrambled at B. 

The solution would involve the gener- 
ation and use of a hologram in a phase- 
conjugating crystal (in this case, a pho- 
torefractive crystal) at location C during 
a calibration phase of operation. First, a 
flat mirror would be placed facing the 


tips of the optical fibers at location A, 
where the object would later be placed 
for viewing. A source of light would be 
placed at B, where the observer would 
later be stationed. Light from this 
source would travel through fiber 1 to 
A, where it would be reflected into fiber 
2. Upon emerging from fiber 2 at C, the 
light would enter the crystal. At the 
same time, the crystal would be illumi- 
nated with a reference (plane-wave) 
beam of light. Interference between 
the reference beam and the light 
emerging from fiber 2 would produce 
the desired hologram via the photore- 
fractive effect. The hologram would 
encode the information about scram- 
bling in both fibers 1 and 2. 

Once the hologram had been gener- 
ated, one could exploit the phase-conju- 
gadon principle to reverse the propaga- 
tion of the optical signal and thus 
reverse scrambling during a readout 
phase of ope radon. The crystal would be 
illuminated with the phase conjugate of 
the reference beam (in essence, a beam 
of the same wavelength propagating 
along precisely the reverse of the path of 
the reference beam); this would cause 
reverse-propagadon with unscrambling 


of light from C back to A, then back to 
B. If the mirror were replaced by the 
object to be viewed, then the reverse- 
propagaung light would illuminate the 
object and the image of the object would 
spaually modulate the reverse-propagat- 
ing beam, such that an undistorted 
image of the object would appear, upon 
completion of reverse propagauon and 
unscrambling, at B. 

One obstacle to im- 
plementation is that 
exposure of the crystal 
to the reverse refer- 
ence beam during the 
readout phase of oper- 
auon would gradually 
erase the hologram. 
Thus, the photorefrac- 
tive crystal material 
should be one that has 
a long characteristic 
erasure ume, and one 
must complete the 
readout well within 
that dme. The prime 
candidate photorefrac- 
dve material is BaTiO s , 
in which erasure lags by 
1 to 20 seconds. 
Another obstacle to 
implementation is the need to place the 
flat mirror and then the object of inter- 
est at locadon A. In a real-dme-viewing 
applicadon, it would be necessary to 
switch repeatedly between the flat mir- 
ror and the object of interest in order to 
alternate the calibradon phase with the 
readout phase. The microelectro- 
mechanical Fabry-Perot interferometer 
would make it possible to leave the 
object of interest in place and would 
make it unnecessary to use a separate 
mirror. Instead, the interferometer 
could be switched electrically between 
(1) a state of total reflecuon, in which 
the interferometer itself would serve as 
the mirror for calibradon; and (2) a 
state of total transmission, in which light 
would be coupled between the fibers 
and the object of interest during read- 
out. An addidonal advantage of this con- 
cept is that microelectromechanical 
Fabry-Perot interferometers could be 
fabricated at low cost. 

This work was done by Deborah Jackson of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , access 
the Technical Support Package (TSP) free on- 
line at www.nasatech.com under the 
Physical Sciences category. NPO-20429 



A Hologram Would Be Generated in the Crystal at C during calibration. During readout, the 
object at A would be viewed at B by exploiting phase conjugation at C to reverse the scram- 
bling that occurs during propagation along the optical fibers. The microelectromechanical 
Fabry-Perot interferometer would make it unnecessary to replace the object with a mirror 
during calibration. 
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YOUR SEARCH IS OVER! 


Available for the First Time... 
Extended Contact Bearing Linear Stages 



When nothing but the best will do, these stages are the ones you need. Our patented precision extended 
contact ball bearing ways provide the highest possible load capacity and resist damage due to impact or 
wear. The linear bearing ways are machined direcdy into the steel plates and honed to provide the highest 
possible precision. The ball bearings are contacted by an extended curved surface providing greater load 
capacity and precision. This family of products is offered in steel stages, stainless steel stages and as a slide 

for OEM positioning applications. 



Stainless Steel Stages Steel Stages 



OEM Slides 



Patented extended contact bearings • Thin design using only two plates • High load capacity 
• Straightness of travel <2 microns • Low thermal expansion for unparalleled stability 

• Industry standard 1/4-20 (M6) holes on inch (25mm) centers 

• Vacuum compatible option • Micrometer driven • Lockable 


For a copy of our new 1999/2000 catalog please call (949) 851-5881. Today! not Tomorrow! 


GLOBAL 


MANUFACTURING 



OptoSigma 

Optics • Opto- Mechanics • Motorized Products 

a Sigma Koki Company 


2001 DEERE AVENUE • SANTA ANA • CALIFORNIA • 92705 
TEL: (949) 851-5881 • FAX: (949) 851-5058 

E-MAIL: sales@optosigma.com • WEB CATALOG: http://www.optosigma.com 



Generating Synchronized WDM Pulses in a Nonlinear Optical Fiber 

Cross phase modulation can be exploited to generate WDM synchronized pulses at reduced cost. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


High-Power Shepherd 
Pulse at Wavelength 
of 1 ,535 nm 



Initially CW Beam at 
Wavelength of 1 ,557 nm ® 
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These Oscilloscope Traces were obtained in experiments in which shepherd pulses of 60-ps duration 
and peak power somewhat greater than 200 mW were launched into a 20-km-long single-mode, dis- 
persion-shifted optical fiber along with 33-mW CW laser beams. 


Pulse shepherding (defined below) 
can be exploited to impress synchro- 
nized amplitude-modulation pulses, 
with durations of the order of picosec- 
onds, onto beams of light with different 
wavelengths that propagate together 
along a single-mode nonlinear optical 
fiber. This is significant because synchro- 
nized picosecond pulses on wavelength- 
division-multiplexing (WDM) light 
beams will be essential for the operation 
of future ultrafast bit-parallel data-com- 
munication systems. In comparison with 
the customary use of an array of mode- 
locked lasers to generate synchronized 
picosecond pulses on WDM beams, the 
pulse-shepherding approach is simpler 
and more economical. 

Pulse shepherding is a nonlinear 
signal-propagation phenomenon attri- 
butable to cross phase modulation, 
which is an interaction between co- 
propagating light beams that arises 
from a nonlinearity in the response of 
the fiber-optic material. In particular, 
the cross phase modulation arises from 


the intensity dependence of the index 
of refraction. 

Pulse shepherding is so named 
because it involves the use of one pulse 


(denoted the shepherd pulse) to “herd” 
together a number of other pulses that 
propagate along with it. In the present 
application, the shepherd pulse is also 


Don't let the wrong hot mirror 
color the quality of your work. 



t ZC&R our Crystal 
^ Clear Hot Mirrors are 
guaranteed to be color 
neutral even at 5500°K. 
And we guarantee our hot 
mirrors won't fail due to heat. They won't peel, fade 
or craze. If they do— and they won't— 
we'll replace them FREE. Guaranteed.* 


We accept MasterCard and Visa 


Reflected IR 
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(Heat) 
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Crystal Clear 


Hot Mirror 


Source 

Our hot mirrors come in 
sizes up to 24" diameter, 
with custom shapes avail- 
able. So call us today. 

Give us your most demanding application and we'll 
hand you a solution that's CRYSTAL CLEAR . ZC&R hot 
mirrors— a true reflection of advanced 
technology. 


COATINGS 
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FOR OPTICS 

• Torrance, CA 90501 


•Substrate breakage due to thermal shock or 
mishandling is not covered by this guarantee. 
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Newport 

The Source for Next Generation Precision Technology 



Model 8800 and 8200 mainframe controllers house a variety of plug-and-play 
instrumentation modules which enable users to test and characterize components 


and systems used in DWDM, datacom, sensor and other applications. 


High-Density LD Control 
Control up to 16 laser diodes with our Model 8016 
High-Density LD Controller. When used with the 
Model 708 eight-channel butterfly telecom LD 
Mount, pump lasers or DFB lasers can be controlled 
in a convenient, rack-mountable configuration. 



DWDM Reference Standard 

The Model 201 OWR Wavelength 
Reference Standard provides a rock- 
solid set of densely spaced vapor ceil 
absorption lines in the 1512 to 1563nm 
range, accessible via a single-mode 
output port. Applications include OSA 
calibration or locking of WDM sources. 




The new kids on the bench. 

Newport is now into fiber optic test and mea- 
surement instrumentation in a big way. Our 
presence in the fiber optic market is greater 
than ever. And with the introduction of this 
new line, so is your choice of test equipment. 

Our instruments offer all the features and func- 
tions you need to perform DWDM-related tests 
with speed, precision and accuracy. So now 
you can concentrate on the quality of your 
testing without wondering about the quality 
of your equipment. 

Newport. Your new, one-stop shop for fiber 
optic testing. For your free 1999/2000 catalog 
that features our entire product line, visit 
wwsv.newport.com/wdm or call us today at 
800-222-6440. 


Tunable and Locked LD Sources 

Our Model 2010 Tunable Laser Diode systems 

feature 20 laser modules which cover the 630 
to 1780nm range Model 2010S Stabilized Light 
Sources incorporate a vapor cell-based locking 

mechanism, creating $ reliable light source 
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used to generate the other copropagat- 
ing pulses. The shepherd pulse — in this 
case, a high-power picosecond pulse — 
is launched into a single-mode optical 
fiber, along with a number of low-power 
continuous-wave (CW) beams. The high- 
power shepherd pulse and the copropa- 
gating low-power beams all have differ- 
ent wavelengths. 

At the input end of the optical fiber, 
the low-power beams are unmodulated. 
However, as the beams propagate along 
the fiber, the cross phase modulation 
causes the low-power beams to become 
increasingly amplitude-modulated by 


pulses that travel along with the shep- 
herd pulse. For each low-power beam, 
the amplitude modulation is either a 
brightening pulse or a darkening 
pulse, according to whether the coeffi- 
cient of group-velocity dispersion of 
the optical fiber at the beam wave- 
length is negative or posidve, respec- 
tively (see figure). The magnitude of 
the modulation of each beam at the 
output end of the fiber depends on the 
magnitude of the dispersion coeffi- 
cient, the length of the fiber, the coef- 
ficient of the nonlinearity that affects 
the index of refraction, the coefficient 



ceramic. 


The new StarLine 2030/0.5 was specifi- 
cally designed to reduce cost 
of operation, streamline maintenance 
and increase reliability. It's short pulse 
length, in combination with the high 
pulse energy, makes it ideal for various 
micromachining and microstructuring 
applications, such as drilling metal and 
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of absorption in the fiber at the given 
wavelength, “walk-ofF among the vari- 
ous pulses, and other factors. 

This work was done by Larry Bergman, 
Cavour Yeh , John Michael Morookian , and 
Steve Monacos of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Physical Sciences category. 
NPO-20498 


Cancellation of 
Laser Noise in an 
Unequal-Arm 
Interferometer 

Exact cancellation is achieved 
by double differencing and 
cross time shifting. 

NASA’s Jet Propulsion Laboratory, 
Pasadena, California 

A method of processing phase mea- 
surements in an unequal-arm laser 
Michelson interferometer makes it possi- 
ble to detect phase effects much smaller 
than the laser phase noise. In the original 
application for which the method has 
been proposed, the interferometer, used 
to detect gravitational waves, would be 
based on three spacecraft flying in an 
approximately equilateral triangular for- 
mation with arm lengths of the order of 
5 x 10 6 km. In principle, the method 
could also be utilized in other applica- 
tions in which one seeks to measure rela- 
tive lengths interferometrically with high 
precision and the interferometer arm 
lengths cannot be made equal. 

In an interferometer of the type to 
which the method applies, a laser at comer 
A of the triangular formation transmits a 
beam of nominal frequency v 0 along leg 1 
(of length LI ) to comer B and along leg 2 
(of length L2) to comer C. Lasers at B and 
C use the phase of the light arriving from 
A for coherent transmission of light back 
to A For each leg, the phase or frequency 
change in the light returning to A is mea- 
sured. This measurement includes contri- 
butions of laser phase noise, phase noise 
from secondary sources, and the phase 
effect of interest. Typically, the phase effect 
of interest is associated with a Doppler 
effect caused by changing arm length 
and/or a gravitational wave that crosses 
the interferometer. 

The laser is the main source of phase 
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In this Unequal-Arm Interferometer, laser light is 
sent from A to both B and C, from whence it is 
transponded back to A. 


noise. Conventionally, one desires equal 
arm lengths because in that case, the 
laser-phase-noise components of the 
measurements for the two arms are 
equal, making it possible to cancel the 
effect of laser phase noise by subtraction. 
The resulting relative-phase information 
can be much more precise than the raw 
laser phase noise would otherwise allow. 
If the arm lengths are not equal, then 
simple subtraction does not result in can- 
cellation of the laser phase noise and, as 
a consequence, the desired measure- 
ment can be severely degraded. 

In the present method, one records the 
interference of the outgoing and incom- 
ing light for each of the two arms as a func- 
tion of time. One also takes account of the 
fact that for each arm i (i = 1 or 2), the 
laser phase noise in the light returning at 
time t equals the phase noise in the light 
that was transmitted at time t - 2LJc , 
where c is the speed of light. Let the time 
series of phase-difference measurements 
for the fth arm be denoted by z,. One can 
synthesize a double-difference time series 
Z(t) in which the data for each arm are 
time-shifted by the round-trip propagation 
time in the other arm: 

Z(0 = [zi(f-2L 2 /c)-z 1 (0] 
-[z*«-2L./c) -**«)]. 

By inserting the explicit time depen- 
dences for the two arms in this equation, 
one can readily show that the laser-phase- 
noise terms cancel exactly, even when L x * 
Lg; the only terms that remain are those 
for the phase effect of interest plus noise 
from secondary sources. 

Of course, the success of this approach 
depends on the approximate knowledge 
of Lj and Lg. Provided that L\ and Lg are 
known with sufficient accuracy, the preci- 
sion of the phase measurement is limited 
only by the phase noise from secondary’ 
sources, which can be reduced as much as 
100 to 200 dB below the laser phase noise. 

This work was done by Massimo Tinto and 
John Armstrong of Caltech for NASA’s Jet 
Propulsion Laboratory’. For further informa- 
tion , access the Technical Support Package 
(TSP) free on-line at www.nasatech.com under 
the Physical Sciences category. NPO-2061 1 
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Tunable, Single-Frequency, Fiber Fabry-Perot VCSELs 

Operation has been demonstrated at wavelengths of 850 and 1,300 nm. 

Goddard Space Right Center, Greenbelt, Maryland 
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INPUT-OUTPUT COUPLING FOR OPTICAL PUMPING 

A Surface-Emitting Laser in a Fiber Fabry-Perot Cavity can operate in a 
single mode and can be tuned in wavelength by adjusting the airgap. 


The figure depicts several aspects 
of a unique type of vertical-cavity 
surface-emitting lasers (VCSELs) 
that incorporate fiber Fabry-Perot 
(FFP) optical cavides. These lasers 
have been designed to be compact, 
compatible with opucal fibers, 
capable of single-frequency opera- 
don, and tunable. Lasers of this 
type that operate in frequency 
bands centered at wavelengths of 
about 850 and about 1 ,300 nm have 
been demonstrated. 

In a laser of this type, a partial 
VCSEL and an FFP are incorporat- 
ed with other optical components 
in a hybrid structure. The partial 
VCSEL is of a half-cavity design 
that features (1) a semiconductor 
distributed Bragg reflector (DBR) 
as the mirror on the surface oppo- 
site the emitting surface and (2) a 
multiple-quantum-well (MQW) gain 
region with an uncoated emitting sur- 
face. An airgap separates the emitting 
surface of the MQW from the end facet 
of a single-mode optical fiber that is held 


in a glass ferrule. The output mirror is a 
dielectric one that can be either deposit- 
ed on the end facet of the fiber or else 
embedded within an optical-waveguide 
assembly that comprises two colhnear 


single-mode-optical-fiber/ glass- 
ferrule subassemblies. The com- 
bination of the half-cavity VCSEL 
and the output mirror on or in 
the fiber constitutes a fiber Fabry- 
Perot surface-emitting laser (FFP- 
SEL). Wavelength tuning is 
achieved by using a piezoelectric 
transducer to change the length 
of the airgap. 

An 85Ckim laser of this type is 
electrically pumped. A 1,300-nm 
laser of this type is optically 
pumped at a wavelength of 980 
nm; in this case, the single-mode 
optical fiber is connected to a 
980-nm/ 1,300-nm wavelength- 
division multiplexer (WDM) to 
enable both continuous pump- 
ing at 980 nm and output cou- 
pling at 1,300 nm. 

Both the 850- and the 1,300- 
nm lasers have been shown to be capable 
of single-longitudinal-mode, single-trans- 
verse-mode, and single-polarization-state 
operation. Tests have shown that the 850- 
nm lasers are continuously tunable over a 
wavelength range =10 nm wide, and that 
their output power levels range up to 
about 1 mW. The 1,300-nm lasers in which 
the output mirrors are on the ends of the 
single-mode optical fibers have been 
shown to be capable of continuous tuning 
over a wavelength range =40 nm wide, 
with output power levels up to tens of 
microwatts. The 1,300-nm lasers in which 
the mirrors are incorporated into the sin- 
gle-mode-optical-fiber waveguides have 
been shown to be capable of tuning over a 
wavelength range slightly less than 10 nm 
wide, with output power levels up to about 
400 pW; the optical-waveguide mirrors 
clearly exhibit the advantage of mode- 
field confinement. By use of a FFP scan- 
ning interferometer with a resolution of 
about 42 MHz, the spectral line width of a 
1,300-nm laser with an optical-waveguide 
mirror was determined to be <260 MHz. 

This work was done by Kevin Hsu and 
Calvin M. Miller of Micron Optics, Inc., for 
Goddard Space Flight Center. For further 
information, access the Technical Support 
Package (TSP) free on-line at wimanasatech. 
com under the Electronics Components category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counsel, Goddard 
Space Flight Center; (301) 286-7331. 

Refer to GSC-14249. 
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Alloy Casting Produces New Mirror 
Technology 

The results are achieved with no heat treating. 

Advanced Optical Systems, Inc. 


Under a Phase 1 Small Business 
Technology’ Transfer (STIR) award of 
$99,000 with Goddard Space Flight 
Center, Advanced Optical Systems Inc. 
(AOS) has produced a 13.5-kg/m 2 6-in.- 



AOS's 13.5-kg/m2 6-in. mirror. 


diameter mirror flat to 1 wave peak to 
valley (0.2 wave RMS) with no heat treat- 
ment. Many known techniques, such as 
heat treating, thermal cycling, and finite 
element analysis can further improve 
the mirror's merit characteristics. The 
surface microroughness achieved was 
30-40 angstroms RMS. 

AOS teamed with Oak Ridge National 
Laboratories (ORNL) for the STTR, tak- 
ing advantage of past relationships and 
residual mirror technologies in place 
from the MODIL program. AOS and 
ORNL plan a Phase II follow-on to build 
a 0.6-meter primary and a complete tele- 
scope using the Phase I technology. The 


goal is areal density <6 kg/m 2 in Phase 
II along with further improvements in 
material properties. 

The new technology has yet to prove its 
merit among the beryllium and silicon- 



Open-back cast substrate for the mirror. 


carbide mirror technologies. AOS's inno- 
vation is the casting of an aluminum-sili- 
con alloy to near-net shapes and plating 
them with electroless nickel (<0.7 coeffi- 
cient of thermal expansion mismatch) to 
produce the high-performance optical 
surface at low cost. The Al-Si alloy is 
vanasil. Material properties are low coef- 
ficient of thermal expansion, very high 
microyield, and low deformation. 

For more information contact Thomas M. 
Cantey, lead scientist at Advanced Optical 
Systems Inc., 2702 Triana Boulevard S. W., 
Suite A, Huntsville , AL 35805; (256) 536- 
5960; fax: (256) 536-5966; e-mail: cantey @ 
aos-inc.com; wurw. aos-inc.com. 


Filterless Si-Based Ultraviolet-Selective 
Photodetectors 


These detectors are relatively inexpensive, compact, and 
readily integrable with silicon-based circuitry. 

Stennis Space Center, Mississippi 


Monolithic semiconductor photodi- 
odes that discriminate against infrared 
and visible light and that can be tailored 
to detect ultraviolet light in selected 
wavelength bands have been invented. 
These devices could serve as ultraviolet 
sensors in such instruments as hydro- 
gen- and hydrocarbon-flame detectors, 
dosimeters for monitoring exposure to 
ultraviolet in industrial processes, and 
instruments for measuring ultraviolet in 


sunlight to monitor the ozone content 
of the upper atmosphere. 

These photodetectors are made from 
silicon or combinations of silicon and sil- 
icon carbide, and therefore can readily 
be monolithically integrated with sili- 
con-based electronic readout circuitry. 
They are relatively compact and inex- 
pensive alternatives to previously devel- 
oped ultraviolet detectors that (1) must 
be equipped with expensive, bulky 
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Ohmic Contacts 



Upper Section of Substrate 
(e.g.. p-Doped Silicon) 

Buried Insulating Layer 
Silicon Substrate 


SIMPLIFIED CROSS SECTION (NOT TO SCALE) OF ONE PHOTODETECTOR 



The Layer Thicknesses and Materials are the primary determinants of the spectral responses of pho- 
todiodes of this basic photodiodes configuration. A monolithic array of such photodiodes can serve as 
a multiple-wavelength-channel detector for a spectrometer. 


monochromators or optical interference 
filters to obtain the desired wavelength 
selectivity, or (2) incorporate GaN- or 
GaP-based photodiodes, which are 
expensive to fabricate and cannot be 
monolithically integrated with silicon- 
based readout circuitry. 

The upper part of the figure shows a 
simplified cross section of a representa- 
tive device according to the invention. 
The device is fabricated on a silicon- 
on-insulator (SOI) or a SiC-on-SOI 
(SiC/SOI) substrate. A buried insulating 
layer made of silicon dioxide divides the 
substrate into a relatively thin active Si or 
SiC upper section and a relatively thick 
passive lower section made of silicon. 
The depth at which the insulating layer 
is buried determines the thickness of the 
active upper section and thus, as 
described below, affects the wavelength 
selectivity of the device. 

A photodiode is fabricated in and on 
the upper section of the substrate. If, for 
example, the upper section of the sub- 
strate is made of p-doped silicon, then 
the photodiode includes a layer of n- 
doped silicon formed in the upper sec- 
tion. One of the ohmic contacts for the 
photodiode, in the form of a ring, is 
deposited on the n-doped silicon layer. 
The other ohmic contact — a wider ring 
that surrounds the first-mentioned ring 
— is formed on top of the p-doped 
upper section. Optionally, an antireflec- 
tion coating is applied to the top surface 
of the photodiode in the area enclosed 
by the contact ring. 

In operation, the absorption of inci- 
dent photons in the photodiode gives 
rise to paired electrons and holes, which 
become separated at the p/n junction. 
Thus, photocurrent is generated across 
the junction. The photocurrent can be 


measured by use of external circuitry 
connected to the ohmic contacts. The 
long-wavelength cutoff (the maximum 
wavelength for photons to excite pho- 
tocurrent) and the quantum efficiency 
of the device as a function of wavelength 
depend on the thickness (or the thick- 
nesses of the sublayers) of the upper sec- 
tion of the substrate and on band gap(s) 
of the photodiode material(s) (Si 
and/or SiC). A monolithic array of such 
devices, with different upper-section 
thicknesses and thus different spectral 
responses, can be fabricated for use in a 
spectrometer. 

Those photons that pass through the 
photodiode without being absorbed 
strike the insulating layer. Preferably, the 
device should be designed so that (1) 
photons with wavelengths greater than 
some cutoff wavelength (which may or 
may not be the same as the cutoff wave- 
length for excitation of photocurrent) 
pass through the insulating layer and are 
dissipated within the lower section of the 
substrate, while (2) photons with wave- 
lengths shorter than the cutoff wave- 
length are reflected by the insulator back 
through the diode to provide another 
opportunity for absorption, thereby 
increasing the quantum efficiency and 
electrical output of the device. 

This work was done by Nader M. Kalkhoran 
and Fereydoon Namavar of Spire Corp . for 
Stennis Space Center. 

In accordance with Public Law 96-51 7, the 
contractor has elected to retain title to this inven- 
tion. Inquiries concerning rights for its commer- 
cial use should be addressed to Nader Kalk- 
horan, Spire Corporation, One Patriots Park, 
Bedford, MA 01730-23 96; (781) 275-6000. 

Refer to SSC-00072 , volume and number 
of this NASA Tech Briefs issue, and the 
page number. 
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Improved Cross-Correlation Dynamic-Light-Scattering Method 

Contributions from multiple scattering are suppressed to increase signal-to-noise ratios. 

John H. Glenn Research Center, Cleveland, Ohio 



Scattered Laser Light enters two adjacent optical fibers attached to photodetectors. Cross-correlations 
of the outputs of the photodetectors are obtained for several different values of 6. The resulting data 
can be used to select a value of 0 for best discrimination against multiply scattered photons. 


A dynamic-light-scattering (DLS) 
method that reduces undesired contri- 
butions from multiply scattered pho- 
tons has been invented. The method 
involves, among other things, cross-cor- 
relation processing of the outputs of 
two photodetectors aimed along inter- 
secting, nearly parallel lines of sight. 
This present method can be character- 
ized as an improved version of the 
method described in “Multiple 
Scattering Suppression in Laser Light 
Scattering” (LEW-16517), NASA Tech 
BriefSyV ol. 23, No. 11 (November 1999), 
page 14a. 

The various DLS methods constitute 
various implementations of the concept 
of extracting information on the sizes 
and motions of light-scattering particles 
from the spatial and temporal depen- 
dence of the loss of coherence of scat- 
tered laser light. Typically, the particles of 
interest are suspended in liquids and are 
in Brownian motion, so that scattering of 
laser light from the particles gives rise to 
a temporally varying speckle pattern. 


The underlying physical principle 
makes it necessary to measure only 
singly scattered photons in order to be 
able to determine particle sizes and 
motions. However, the speckle pattern 
is a result of both multiple and single 


scattering, and photodetectors are 
unable to distinguish between singly 
and multiply scattered photons. Thus, 
there is a need to design a light-scatter- 
ing apparatus and to process the pho- 
todetector outputs in such a way as to 
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suppress the contribution of multiply scattered photons 
arriving at the photodetectors. The present method satisfies 
this need. 

A typical apparatus used in the present method, shown in 
simplified form in the figure, is similar to the apparatus 
described in the noted prior NASA Tech Briefs article. A laser 
beam is aimed horizontally through a vertically oriented 
cylindrical sample cell containing the particles of interest 
suspended in a liquid. Optionally, the cell can be placed in a 
vat of another liquid, the index of refraction of which approx- 
imates that of the liquid in the cell. The laser beam is focused 
to a waist at the middle of the cell or at any other desired 
depth within the cell. 

Two optical fibers with gradient-index-of-refraction (GRIN) 
lenses at their input ends are positioned with their input ends 
close to each other and aimed toward the beam waist (the 
nominal scattering volume) to receive light scattered from 
the beam axis to a chosen angle, in the horizontal plane. 
The value of <(> can be chosen conveniently to be 90°, but a dif- 
ferent value can just as well be chosen to suit a specific appli- 
cation. The tip of one fiber is placed a short distance above 
and the receiving tip of the other fiber a short distance below 
the light-scattering (nominally horizontal) plane, thereby 
forming a small angle, 0, between the lines of sight from the 
two input fiber tips to the center of the nominal scattering 
volume. The positions of the fiber tips can be adjusted, by use 
of a micrometer-driven mechanism, to adjust the angle 0. The 
output ends of the fibers deliver the collected light to pho- 
todetectors. 

Preferably, a polarizing filter is placed between the sample 
and the input fiber tips. The filter is oriented for polarization 
that is either parallel or perpendicular to the plane of polar- 
ization of the incident laser beam. Although scattered light of 
both polarizations includes contributions from multiple scat- 
tering, only the parallel-polarized light contains a contribu- 
tion from single scattering. Thus, the polarizing filter can be 
used to increase the signal-to-noise ratio by serving as an addi- 
tional means for discriminating between single and multiple 
scattering. 

The outputs of the photodetectors are cross-correlated in 
such a way as to make it possible to discriminate against the 
multiple-scattering contribution to the speckle pattern. The 
cross-correlation processing is formulated to exploit the fact 
that single-scattering speckle arises from inside of the inci- 
dent laser beam and is correlated over an angular range 
wider than that of multiple-scattering speckle, which can 
originate from anywhere within the sample. Measurements 
are made at several values of 0; at each such angular setting, 
the outputs of the photodetectors are cross-correlated over a 
suitably long interval of time to obtain a single numerical 
value for that detector angle. From the resulting ensemble of 
cross-correlations at various angles, one can construct a pro- 
file that can be used to determine the angular ranges over 
which multiple and single scattering predominate and one 
can estimate an optimum (or nearly optimum) value of 8 to 
minimize the multiple-scattering contribution in subsequent 
measurements. 

This work was done by Bruce J. Ackerson of Oklahoma State 
University for Glenn Research Center. For further information , 
access the Technical Support Package (TSP) free on-line at 
www.nasatech.com under the Physical Sciences category. 

Inquiries concerning rights for the commercial use of this inven- 
tion should be addressed to NASA Glenn Research Center, 
Commercial Technology Office, Attn: Steve Fedor, Mail Stop 4-8, 
21000 Brookpark Road, Cleveland, Ohio 44135. 
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ADVERTISEMENT 

CHILLERS/COOLERS 
CATALOG 

NESLABs newest product cata- 
log features industrial chillers 
and liquid coolers. It includes 
features, specifications, and cus- 
tomizing options available, 
including refrigeration, con- 
troller. pump, fluid, heater, and electrical specs. NES- 
LAB offers a range of cooling solutions for applica- 
tions such as industrial lasers. EDM, plastics, plating, 
packaging, chilled rolls, and welding. There is a 
NESLAB solution to fit each constant-temperature 
application. NESLAB Instruments, PO Box 1178, 
Portsmouth. NH 03802-1178; (603) 430-2271; fax 
(603) 430-84 1 1 ; E-mail: neslab@neslabinstruments. 
com; http:/ / ncslabinc.com. 

NESLAB Instruments 

For More Information Circle No. 491 

OPTICENTRIC 
INSTRUMENTS FOR 
PRODUCTION, LAB 

The TRIOPTICS comprehensive 
line of equipment — under the 
generic name OptiCentric — has been specifically 
designed to respond to different levels of required 
accuracy. The OptiCentric System also covers all the 
production steps, starting with the measurement of 
centration errors and continuing with the alignment, 
cementing, and assembly of optics. The OptiCentric 
System includes valuable tools for any application, 
from simple visual instruments to fully automated and 
PGcontrolled production and laboratory stations. 
Mildex Inc., 1388 Crittenden Rd., Rochester, NY 
14623-2308; (716) 473-6540; fax: (716) 475-1971; 
e-mail: mildex@eznet.net; www.mildex.com. 

Mildex Inc. 

For More Information Circle No. 490 

LIGHT MEASURE- 
MENT INSTRU- 
MENTS CATALOG 

International Light offers 
its full-color 1999-2000 
catalog describing radiomen 
ters, photometers, spectro- 
radiometers, detectors, fil- 
ters, input optics and cali- 
brations. Components are 
combined to form light measurement systems cover- 
ing a comprehensive range of UV-Vis-IR applications. 
Complete technical and system specifications are 
included. International Light Inc., 17 Graf Rd., 
Newburyport, MA 01950-4092; (978) 465-5923; fax: 
(978) 462-0759; e-mail: ilsales@ind-light.com. 

International Light Inc. 

For More Information Circle No. 499 


MINIATURE 
DIODE LASERS 

LaserMax, Inc. provides 
miniature diode laser 
systems in the 532nm- 
1550nm range with out- 
put powers up to 
lOOmW. Depend on 
LaserMax s 99+-percent 
reliability rate to effi- 
ciently meet your goals. 
LaserMax representatives help solve your needs. 
Customized systems are also available. LaserMax, 
Inc., 3495 Winton Place, Bldg. B, Rochester, NY 
14623; (716) 272-5420; 800-LASER-03; fox: (716) 272- 
5427; www.lasermax-inc.com. 

LaserMax, Inc. 

For More Information Circle No. 489 
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Reducing the Volume of a Holographic 
Data-Storage System 

Use of some optical components for dual functions would 
enable some shortening. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


The size of a holographic data-storage 
system could be reduced by a proposed 
design modification that calls for 
replacement and repositioning of some 
optical components and the use of some 
of the components to perform dual func- 
tions. The modification would enable a 
substantial decrease in length with a 
small increase in width, yielding an over- 
all decrease in volume. 

The upper part of the figure schematical- 
ly depicts a typical three-dimensional holo- 
graphic data-storage system. A laser and a 
polarizing beam splitter are used to gener- 
ate reference and image light beams, which 
are coherent with each other. These beams 
are made to interfere with each other in a 
holographic storage medium (e.g., doped 
LiNbO s ). In the simplest case, the reference 
and image beams enter the storage medium 
perpendicularly to each other. The refer- 
ence beam is not modulated on its way to 
the storage medium. However, the image 
beam is expanded, then the desired image is 
impressed on the beam during passage 
through a transmissive spatial light modula- 
tor. The image beam is then directed 
through a first Fourier-transform lens into 
the storage medium. During retrieval of a 
stored image, the image beam is blocked, 
and a second Fourier-transform lens pro- 
jects the image onto a charged-coupled- 
device (CCD) camera. 


The lower part of the figure illustrates 
this system as modified according to the 
proposal. Among other changes, one of 
the lenses would be eliminated and the 
second beam-expanding lens would also 
serve as the first Fourier-transform lens. 
During recording, the image beam would 
be modulated with the desired image and 
reflected back through this lens by a reflec- 
tive spatial light modulator (instead of by a 
transmissive one as before). A second 
polarizing beam splitter would be placed 
between the two beam-expanding lenses; 
with the chosen combination of polariza- 
tions, this beam splitter would pass the 
expanding (rightward-propagating) beam 
but would reflect the modulated (leftward- 
propagating) image beam downward into 
the holographic storage medium. As 
before, the reference and image beams 
would enter the holographic storage medi- 
um at right angles to each other during 
recording. As before, a second Fourier- 
transform lens wmild be used during 
retrieval of a stored image. In this case, a 
conjugate image would be formed and 
would be reflected rightward onto a CCD. 

This work was done by Kevin Heim of 
Caltech for NASA’s Jet Propulsion Labor- 
atory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Physical 
Sciences category. NPO-20347 



The Proposed Holographic Data-Storage System would differ from the conventional system in the 
replacement and repositioning of some optical components and the use of some of the components 
to perform dual functions. 
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Fabricating Small Apertures in Silicon-on-Insulator Wafers 

Apertures with features as small as 0.5 pm can be formed repeatablv. 

Goddard Space Flight Center, Greenbelt, Maryland 


Precise small apertures for a variety of 
optical applications can be formed in sil- 
icon-on-insulator (SOI) wafers by use of 
a photolithographic process developed 
specifically for the purpose. In compari- 
son with the formation of apertures in 
standard silicon wafers by previously 
developed processes (including pho- 
tolithographic ones), the present combi- 
nation of SOI wafers and processing 
yields apertures of more precise, repeat- 
able dimensions. 

The figure illustrates a cross section of 
a SOI wafer at the major steps of the 
process. The starting material is an SOI 
wafer that consists of a 1-pm layer of 
Si0 2 sandwiched between a 3-pm layer 
of Si and a 600-pm-thick Si substrate. 
Vacuum contact photolithography is 
used to define apertures as small as 1 pm 
in photoresist on the front (3-pm Si) 
side. With the photoresist serving as a 
mask, reactive-ion etching (RIE) is used 
to form a hole completely through the 3- 
pm Si layer; by suitable choice of RIE 
operating parameters such as the types 
of gases, operating pressure, and power, 
the hole can be formed with nearly 
vertical sidewalls. 

Next, the wafer is heated in a furnace 
and exposed to an oxygen atmosphere 
to grow a layer of silicon dioxide (see 
figure). Then by use of back-side align- 
ment photolithography (in which fea- 
tures on the back side are aligned with 
the features on the front side), the 
required back-side aperture pattern is 
formed in photoresist. In addition, the 
front side of the wafer is painted with 
photoresist to protect the front-side 
Si0 2 during the oxide-etching step 
described next. The portion of the 
back-side Si0 2 not masked by photore- 
sist is etched by use of a buffered hydro- 
fluoric acid solution. Then the photore- 
sist is stripped off. 

An anisotropic silicon etch such as 
20-percent KOH or tetramethyl ammo- 
nium hydroxide (TMAH) is used to 
etch the silicon substrate preferentially 
along the <1 1 1> crystal plane. Then the 
front-side Si0 2 , the back-side Si0 2 , and 
the exposed portion of the buried mid- 
dle Si0 2 layer are etched away by use of 
a buffered hydrofluoric acid solution to 
create the desired apertures. If neces- 
sary for the application, aluminum or 
another suitable metal can be deposit- 
ed on the front side to make the region 
surrounding the apertures opaque. 

In a variation of the process, ani- 


sotropic chemical etch- 
ing (instead of RIE) is 
used to form an inverted 
pyramidal (instead of 
the vertical-sided) hole 
in the 3-pm-thick Si 
layer. This variation is 
useful for making arrays 
of highly precise square 
or rectangular holes. 

This work was done by 
Sridhar Manthripragada, 
Doug Leviton, David Brent 
Mott , and Christine Allen 
of Goddard Space Flight 
Center. For further infor- 
mation , , access the Tech- 
nical Support Package 
(TSP) free on-line at 
www.nasatech.com under 
the Ma n ufacturing/Fabri- 
cation category. 
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NEW PRODUCTS 


PRODUCT OF THE MONTH 

Monolithic X-Ray Digital Camera 

PerkinElmer Optoelectronics, Santa Clara, CA, 
describes its RID 1024-400 monolithic x-ray digital cam- 
era as the first such camera to offer a monolithic active- 
detector area equal in size to conventional x-ray film. 
The company says that the 41-x-41-cm detector, coupled 
with its mega-pixel spatial resolution and 65,000 gray- 
scale detectivity, produces images impossible to achieve 
using x-ray film. PerkinElmer says that with a complete 
image available for viewing in less than half a second, 
the user can determine if the captured image is the desired one, and if not take any number of others 
without having to once again pose the subject. The electronic capture is Internet-compatible, and com- 
patible with all image analysis software and all PCs. 

For More Information Circle No. 740 



Handheld Infrared 
Laser Beam Finder 



Pathfinder Laser Products, 
Lafayette, CO, calls its Cool- 
Card™ the only handheld in- 
frared laser beam finding and spatial mode imaging 
product available on the market for lasers beyond 1.7 
pm in wavelength. It uses thermoelectrically tempera- 
ture-stabilized liquid crystal technology to resolve IR 
laser beams across a span of 0.8-10 pm and beyond. 
Pathfinder says the device can resolve beams of as lit- 
tle as 3 mW/cnr power density, with 4 line-pair/ mm 
resolution under optimal ambient conditions. It can 
be used with a broad range of new and established 
laser sources, such as Ho.YAG, Tm,Ho:YLF, broadly 
tunable IR OPOs and C0 2 lasers. 

For More Information Circle No. 741 



Scan Lenses and 
Beam Expanders 

Rodenstock Precision 
Optics, Rockford, IL, 
offers a line of F-Theta 
scan lenses and fixed 
and adjustable beam expanders in wavelengths for 
frequency-doubled, tripled, and quadrupled Nd:YAG 
specifications. F-Theta lenses are available in wave- 
lengths from 255 to 1064 nm, including frequency- 
doubled (532 nm) and tripled (355 nm) YAG. The 
line of fixed beam expanders range in wavelength 
from 255 to 1064 nm, with magnification ratios of 1.5 
to 20x. The adjustable beam expanders range in 
wavelength from 266 to 1064 nm, and have magnifi- 
cation ratios of 1 to 8 x. 

For More Information Circle No. 742 


Laser Ultrasonic 
Receiver 

Lasson Technologies, 
Culver City, CA, says its 
EMF-500 laser ultra- 
sonic receiver is the core of an inspection system 
capable of performing process control measure- 
ments in hostile environments. The receiver mea- 
sures surfaces vibrating with nanometer amplitudes 
at megahertz frequencies. Lasson says the instru- 
ment can process highly speckled beams from rough 
surfaces while rejecting low-frequency noise signals. 
Applications include the measurement of tempera- 
ture and thickness, as well as flaw detection in parts 
at high temperature or translating at high speeds. 

For More Information Circle No. 743 



Laser Marking System 

The new LE series Class I 
solid-state desktop marking 
system from Laser Marking 
Technologies, Lafayette, CO, 
uses the company’s own 
diode-pumped solid-state laser. According to the 
company, this technology enables better beam quali- 
ty, eliminates the need for external cooling systems, 
and expands the intervals between maintenance by 
increasing operation time to as much as 10,000 
hours plus. With the same wavelength as the Nd:YAG 
laser, the LE-100SD uses the Nd:YV0 4 medium, 
resulting in higher peak power per wattage, the com- 
pany claims. 

For More Information Circle No. 744 



1625-nm Optical 
Loss Test Capability 

EXFO Electro-Optical Engineering, 
Quebec City, Canada, has added test- 
ing for L-band (1570-1610) transmis- 
sion to the capabilities of its FOT-920 
MaxTester. The automated return loss 
test set can now be configured to mea- 
sure optical and return loss at 1625 nm. The company 
says that instead of limiting DWDM transmission to 
the 1550-nm window, service providers are beginning 
to use the L-band window to increase the number of 
channels on existing physical layers. EXFO s exclusive 
FasTesT technology' enables dual-wavelength 
(1550/1625 nm or 1310/1550 nm) bidirectional loss 
testing in less than 30 s at the touch of a single button. 

For More Information Circle No. 745 


% 

Versatile Laser 
Power Meter 


Ophir Optronics, Dan- 


vers, MA, announces the 


release of the ORION/ 


TH laser power meter, 
which the company says 


was designed to meet the growing need for an easy-to- 
use low-cost meter that permits quick measurement 
of laser power. The ORION/TH supports more than 
50 different thermal heads in the microwatt to 20-kW 
range. The unit’s “smart” connector heads automati- 
cally configure and calibrate the meter when plugged 
in. Preferred startup configuration can be set by the 
user and stored in the heads’ “smart” plugs. 

For More Information Circle No. 746 




Telecentric 
Video Lens 

The new J54-798 
telecentric video lens 
from Edmund Indus- 
trial Optics, Barring- 
ton, NJ, has a con- 
stant magnification of 0.5 x with a telecentricity of 
0.03 degree. Die working distance is 125-150 mm, 
which Edmund says means images are dimensionally 
accurate over a 25-mm range of focal points. Depth 
of field is ±3 mm at f/12. The lens is designed to 
be used with camera systems that feature 1/2-in. to 
2/3-in. CCDs. It comes in a standard C-mount 
configuration. 

For More Information Circle No. 747 



Fiber Channel Cables 

C&M Corporation, Wau- 
regan, CT, is offering its 
QuadClear™ fiber chan- 
nel cables for data com- 
munications applications. 
The cables are designed to enable the interconnec- 
tion of storage and other peripheral devices to 
processors in workstations and mainframes, particu- 
larly in tight bend and motion environments. The 
company says its patented Megaflex™ PVC jacket 
protects against cut-throughs, is oil-resistant, and 
provides a high resistance to flex stress cracking. 
C&M says that the cables’ low loss, low jitter, and 
sharp rise time result in an excellent bit error rate. 

For More Information Circle No. 748 



Objective Lens for 
UV Viewing 

Electrophysics, Fairfield, NJ, 
introduces the quartz LQ78F3.8 
objective lens designed to view 
radiation of wavelengths of less 
than 250 nm. The lens has a 
fixed focal length of 78 mm, an 
aperture range of f/3.8-f/22, 
and an angle of view of 6.64’ diagonal. It is available 
with C- and T-mount adapters as well as many single- 
lens-reflex camera mounts. All surfaces are antire- 
flection coated. 

For More Information Circle No. 749 



Grazing-Incidence 
Piano-Interferometer 

Graham Optical Systems, 
Chatsworth, CA, says that its 
Lazer Grazer Fizeau interfer- 
ometer is the first modestly 
priced instrument for the 
measurement of matte or semi-matte finished sur- 
faces. The instrument is configured to show one 
interference fringe per wavelength. Its HeNe laser 
source operates at 632.8 nm, and it has a X/20 fused 
silica reference flat. The Lazer Grazer is available with 
high-speed data reduction using Windows™-based 
static fringe or phase analysis. Graham says that the 
instrument makes possible the measurement of diffi- 
cult unpolished parts of ceramic, graphite, silicon, 
tungsten carbide, and silicon carbide. 

For More Information Circle No. 750 
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What’s behind these 
optical detector systems? 


A way to cut manufacturing costs 
and reduce overhead. 


You may know us as the prime source 
for advanced optical detectors. 

But we also build complete detector 
systems. Which means your cost savings 
can really add up. 

Our diverse manufacturing capabilities 
allow us to design and produce as much of 
your detector system as proves cost effective 


Photosensor design & fabrication 
Optical design & assembly 
Hybrid circuit design & manufacturing 
Optical switches 
Injection molding 
PC board design & manufacturing 
Cable and harnesses 
In-house tool & die 


for you. So 
you stretch 
engineering 
resources, 
and stream- 
line pur- 
chasing and 
inventory. 



And since 
we have man- 
ufacturing 
facilities 
throughout the 
world, you're 
also assured of 
economical 
production options. 

All from the oldest and largest manu- 
facturer of solid-state detectors in the U.S. 

Learn how to cut manufacturing costs 
now -whether you build systems in the 
tens or tens of millions. Just call or write 
for our product catalog and capabilities 
brochure today. 



T " UDT SENSORS. INC. 

An i*HF Systems. Inc. Company 


UDT Sensors & 
OSI Electronics 


ISO-9002 

Certl fied 


12525 Oiadron \ve .. Hawthorne. CA 90250 • (310) 978-05 Hi • PAX (310) 044-1727 
Additional I /mg Beach Kl Paso Ocean Springs Crawley Singapore 
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but we're working on it” 


But first I we thought you'd want the most 
amazing infrared camera you could get your hands on. So that's 
where we put our energy. And now you can put 
your hands on MERLIN? the most 
advanced family of IR cameras on 
the market today. 

MERLIN™ covers the IR 
spectrum. Imagine, staring detec- 
tor technology that lets you 
choose InGaAs (0.9pm - 1.7pm), 

InSb (3pm - 5pm), QWIP (8.0pm -9.2pm), 
or microbolometer (7pm - 14pm). 

Pick the features and performance 
right for your application. Snapshot 
mode operation, variable integration-time 
control, and 60 Hz 
frame rates provide 


MERLIN-NIR, the industry's first full 
featured near infrared camera incorporating 
a 320 x 256 snapshot-mode staring InGaAs 
sensor. Perfect for laser diagnostics and 
imaging, industrial process monitoring, 
gas/flame detection, semi-conduc- 
tor diagnostics, environmental 
monitoring, forensic 
science, and chemical 
analysis. 



fast, high-fidelity data 



and 


controlled via RS-232 
or the easy-to-use 
remote button panel. 
We offer a complete 
line of optics and 
options for virtually 
every application, 
including TALON, 
Indigo's real-time 
digital image 
processing 


in dynamic environments. 

Real-time 12-bit RS-422 
digital and NTSC/S-video analog 
outputs are supported and the 
extensive camera feature set is 


acquisition 
system. 

Find out more about the 
MERLIN™ family today. And 
while you're at it, ask about our 
ALPHA microbolometer camera. 
It sets new standards in small 
size, weight and power. 
Discover more about our full 
array of components, systems, and services. 



TALON digital image 
acquisition and processing 
system for MERLIN™ 


Visit www.indigosystems.com. 
At Indigo, you’ll see everything infrared. 


At just 8.7 cu. in, 
190 grams, and 
1.5 watts. Indigo's 
ALPHA is the 

world's smallest, 
lightest, and 
lowest power 
long wave 
infrared camera. 


For More Information Circle No. 498 



RADIOMETRY 
NOW AVAILABLE 


SYSTEM 



MERLIN-NIR 

320x256 InGaAs 
(0.9pm - 1.7pm) 







MERLIN-LONG 

320x256 QWIP 
(8.0pm - 9.2pm) 


MERLIN- 

320x256 InSb 
(3.0pm - 5.0pm) 




MERLIN-BOLO 

320x240 p bolometer 
(7pm - 14pm) 



MERLIN-LAB 

Any Indigo 320x256 Detector 
(Pour Filled Dewar) 


www.indigosystems.com 
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WIN A FREE SUBSCRIPTION... 

to a new e-mail newsletter from NASA Tech Briefs, featuring exclusive technology and business news as well as 
previews of upcoming issues. To qualify, simply complete the survey below and fax this page to (413) 637-4343. 
Your response will be kept completely confidential and will be used for statistical purposes only. This survey is 
optional and not required to order product information above. 

la. Are you involved in advising, recommending, specifying, or approving the purchase of computer-aided 
design (CAD) software for your company? □ Yes □ No 

lb. If yes, do you plan to increase your purchase of CAD software in the next 12 months? □ Yes □ No 

2. Which of the following types of CAD software do you now use? (check one) □ 2D □ 3D □ Both 

3. Please list the names of CAD packages you (or your department) currently use. 


4. Please list any additional CAD packages you are considering purchasing in the next 12 months. 



□ Check here to receive your free subscription to the new NASA Tech Briefs e-mail newsletter. (Please be sure to 
fill in your e-mail address at the top of this page.) 





Aerospace engineers 

often use them to beat 

the laws of flight 

into submission. 


Getting your designs off the ground means working with the laws of motion and gravity. Not an easy task. Luckily, Carpenter can help. 
You 11 find more than 400 grades of specialty alloys, titanium, impact-resistant ceramics and other advanced materials. Parts forming tech- 
nologies that meet your most demanding specs. And a battery of technical experts to conquer any design challenge. More than materials. 



Carpenter has unmatched manufacturing expertise, extensive distribution, and 
R&D that never stops. All of which allow you to turn the laws of flight to your 
advantage. For details, call 1-800-654-6543. Or visit www.cartech.com/aero 



CARPENTER 


Engineered Materials for a Changing World 

DYNAMET • ENGINEERED PRODUCTS • SPECIALTY ALLOYS 
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Reader Forum 


Reader Forum is devoted to the thoughts, concerns, questions, and comments of our readers. If you have a comment , a 
question regarding a specific technical problem, or an answer to a question that appeared in a recent issue, send your letter 
to the address below. 


I was hoping to find a computer pro- 
gram to investigate the electrostatics of 
a bed of needles at a high DC voltage 
that are near a grounded surface. This is 
for a device that removes water vapor 
from air. Clearly ; the closer the needles 
are to each other, the better. Theory sug- 
gests that as the needles become closer 
together, the distance to the grounded 


surface can be reduced. Experimentally 
determining this would be an infinite 
task — there must be a computer pro- 
gram to do this. Thank you. 

Dr. Stuart A. Hoenig 
Professor of Electrical Engineering 
University of Arizona 
hoenig@ece.arizona.edu 


A previous Reader Forum letter from 
Mark Kane requested information on 
obtaining Tungsten sheet for an enamel- 
ing kiln. The product is available from Alfa 
Aesar of Ward Hill, MA. They offer foil 
from 0.0002 to 0.080 ” thick in squares 
typically measuring 25 x 50 mm. They 
can be reached at 800-343-0660 or at 
www.alfa.com 

Joe Thoma 

Sr. Quality Systems Engineer 
Johnson Matthey 
West Chester, PA 
thomajt@jmusa.com 


The December 1999 issue of NASA Tech 
Briefs featured an article on NASA's Langley 
Research Center's work in artificial vision 
technology to develop a way for diabetes 
patients to "see" blood flow (UpFront, p. 
14). The web site listed no longer exists, 
and I was unable to find any additional 
information on the project from the Langley 
web site. Thanks for your help. 

Robert Crane 
robert.crane@afrl.af.mil 

(Editor's Note: Robert, you can contact 
Langley Research Center's Office of Public 
Affairs (OPA) for more information. They 
can be reached at 757-864-612 1, or via e- 
mail at opa@larc.nasa.gov) 


On behalf of the many, but too often 
silent readers of NASA Tech Briefs, / would 
like to express my gratitude and apprecia- 
tion for the stimulus that you provide in our 
high-tech world. As the new millennium 
begins, I reflect on all of the wondrous 
technologies and products NASA has 
spawned, and their contributions to a bet- 
ter, albeit more complex, world. I look for- 
ward to your continued communication 
and inspiration in the new millennium. 

Charles F. Comstock 
comcharl@pwfl.com 


Post your letters to Reader Forum on- 
line at: www.nasatech.com or send to: 
Editor, NASA Tech Briefs, 317 Madison 
Ave., New York, NY 10017; Fax: 212- 
986-7864. Please include your name, 
company (if applicable), address, 
and phone number or e-mail address. 



TESC©^ 


Pressure controls made your way! 


For over 35 years, Tescom has provided a diverse range of quality 
pressure control solutions that meet or exceed customer 
expectations. Whether it’s one of our 60+ standard models, a 
simple modification or a one-of-a-kind custom control, well build 
a regulator, valve or system that meets your unique requirements. 

Control styles: pressure reducing and back pressure, hydraulic or 
pneumatic, electronic, miniature, cartridge, tracking, vaporizing, 
vacuum or changeover. 

Choices: loading and sensing styles, venting options, materials of 
construction, seals, porting configurations and more. Pressure ranges*, 
vacuum to 20,000 PS1G. Flow: C v = 0.00005 to 8.0. 

Our application specialists will find or create a control solution for 
you. Give them a call. 


TESC0M 


ISO 9001 Quality System Certified 
MITI/KHK Product Certification 

12616 Industrial Blvd.. Elk River. MN 55330 800 447-9643 www.tescom.com 


INDUSTRIAL CONTROLS DIVISION 
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Do Your Reading 

How much time do you spend reading technical 
documents on average? Is it 20 percent or more? 

And how much of the information is relevant to your 
projects? A fraction? What if your computer could 
read everything and actually show you which 
documents are most relevant to your projects? 

Well, now it can — 
with Knowledgist™ from Invention Machine! 

Based on breakthrough semantic processing tech- 
nology, Knowledgist reads, extracts all key concepts, and 
automatically presents you with a problem-solution index 
- greatly accelerating knowledge retrieval for problem- 
solving. Reduce weeks of reading to a few hours. 
Enhance technical reports with comprehensive refer- 
ences. Find innovative solutions to your tasks at 
hand. Knowledgist is like having a virtual 24x7 
research assistant on your desktop. 
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Knowledgist processes on-line text based documents at 1 MB/minute. It automatically generates Problem 
folders containing associated Solutions. It creates a comprehensive index, with descriptions and hyper- 
links to the source document, so you can quickly pinpoint the relevant solutions for your problems. 




Concept: singla thiottlo valve - adjust air flow 

1 system for a V-typo engine as set forth m derm 53, wherein the common etmosphenc eir 
induction device hee a single throttle valve for controlling the air flow to each of said plenum 
chambers 

D.M PubiK flei^wmgni • Ar truths Bflgnl. 1 5622. in 

2 . system for e V-type engine as set forth m claim 59. wherein the common atmospheric air 
induction device hea a single throttle valve for controlling tho air flow to tech of said plenum 
chambers 
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This Month in 

| Rap id Product 
Development 

Tools & Techniques To Create Better Products Faster 


online 




The web publication for NASA Tech Briefs readers 





Solid Edge is 

Unigraphics 

Solutions' 

mid-range 

CAD software 

package. 


Sponsor: 


SOLID EDGE 


NASA Tech Briefs' totally digital publication, Rapid Product 
Development Online (www.rapidproducts.net), helps 
engineers develop better products faster by giving them 
immediate, 24-hour access to the latest information on 
CAD, FEA, modeling, reverse engineering, and rapid pro- 
totyping tools and techniques. 

RPD Online includes feature stories, industry and prod- 
uct news, product reviews, show coverage, demos, links, 
and a keyword-searchable supplier guide. 

This month’s RPD Online includes: 

■ Optimization Software Helps Design Low-Noise 
Rotorcraft Flight Procedures — NASA’s Langley Re- 
search Center used commercial optimization software to 
design quiet approach procedures for an experimental 
tiltrotor aircraft in a few weeks. 

-■ Prototyping System Solves Major Semiconductor 
Test Problems — A circuit board plotter system fabri- 
cated hundreds of text fixtures, yielding big dividends in 
turnaround time, lower test costs, and improved accuracy 
of test results. 

■ Polyurethane RIM System Enables Complex Design 
Features in Medical Equipment — An advanced 
polyurethane reaction injection molding (RIM) technol- 
ogy enabled cutting-edge design in an automated medical 
diagnostic system. 

-■ New Products — CAM and reverse engineering soft- 
ware, a web-based prototype parts service, and custom 
aerospace assembly production are among the new prod- 
ucts and services profiled this month. 


Be sure to visit www.rapidproducts.net for the lat- 
est information on the rapid product development 
industry. For advertising and sponsorship informa- 
tion, contact Joe Pramberger at joe@abptuf.org; 
Tel: 212-490-3999. 

i vww.rapidproducts.net 
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“The Undisputed Champion 
in Image Accuracy.” 



The 

best pixel 
jitter spec 
(±0.5 ns) in the 
industry. 
Period. 


The highest 
accuracy 
frame grabber. 
Period. 


* 


But don’t take our word for it. Take the image accuracy test. 
Call 978-256-4624 now to request the details. 


Or visit www.foresightimaging.com/accuracy and see 
for yourself. Free, no-risk 30-day evaluations of our frame 
grabbers are available for qualified OEMs. 


info@foresightimaging.com 

www.foresightimaging.com 



C p Foresight 

^1/ JMAGING" 

978-256-4624 
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IronCAD 3.1 

Steven S. Ross 

It just feels right. Here’s a CAD prod- 
uct that is, well, easy to draw with. Iron- 
CAD is a new kid on the block when it 
comes to high-end mechanical design 
software. Visionary Design Systems 
(Santa Clara, CA), IronCAD’s devel- 
oper, has been around since 1990, and 
has been producing modeling tools. 
But IronCAD itself was introduced in 
1998. This allowed YDS to start with a 
clean slate. But VDS also realized it 
would be entering a crowded, mature 
market — a market in which many 
users already have made serious 
choices about their CAD software. 

The solution: IronCAD has superb 
file translation capabilities. Aside from 
the “standard” ways to import and ex- 
port design intelligence — good trans- 
lation filters for IGES, STEP and so 
forth — VDS also equipped IronCAD 
with an unusual core. Almost all high- 
end CAD packages for mechanical de- 
sign are based on one of two solid mod- 
eling engines: ACIS or Parasolid. 

IronCAD’s solution? It uses both. 
When you install IronCAD, you get to 
choose which one to use as a default. 
But, you can switch back and forth at 
any time. Because VDS promotes lron- 



A general view of the IronCAD workspace. Note 
the catalog tabs on the right, and the toolbar for 
changing views in the upper left corner. 


CAD’s interoperability, I spent quite a 
bit of time testing that feature. You can 
indeed build assemblies that use pares 
modeled in both ACIS and Parasolid at 
the same time. And I found it quite 
easy to bring parts modeled with, say, 
SolidWorks (with a Parasolid core) and 
Inventor (which uses ACIS) into Iron- 
CAD. 

Users should understand that such 
imports and exports usually are not 
seamless, because various file formats 


differ. For instance, if you have mod- 
eled a complex component in a stan- 
dard CAD package and exported it to 
IGES, the IGES kernel defines surfaces, 
not solids. IronCAD (and many other 
packages, for that matter) will turn 
IGES surfaces into the solids that the 
surfaces define, as long as the surfaces 
truly enclose a solid with no gaps. If 
there is a gap in your drafting, you 
don’t get a solid from an IGES file. 

Likewise, many CAD packages add 
surface textures in various ways to 
solids. Some add a true texture embed- 
ded in the part. Others add a color that 
mimics a texture. Still others apply a 
“decal,” and some use more than one 
method. Translating into IronCAD 
tends to use one method to the exclu- 
sion of others. Sometimes no color or 
texture can be translated. Again, this 
tends to be a limitation of the file for- 
mats, not IronCAD. 

IronCAD has a good suite of tools for 
modeling sheet metal, but is not as 
good at handling large assemblies. Al- 
most all the geometry translates beauti- 
fully. But design sense — notes in the 
model about why a designer chose to 
build the part a certain way — is lost 
unless it is added as text, as part of the 
drawing itself, or is translated through 
STEP (STEP translation usually takes 
awhile, even on a fast machine). Even 
something as simple as the fact that a 
bend is modeled to ANSI or DIN con- 
straints is not easy to keep with the 
part. The result is a part that’s shaped 
perfectly under a given set of rules, but 
designers further along the chain 
might not know exactly what those 
rules are. This situation really is a 
shame, since IronCAD has great ways 
to capture design sense. You should 
not think of routinely using IronCAD, 
as amazing as it is, for translations with- 
out carefully setting rules among the 
shop’s design professionals. 

I also discovered that IronCAD out- 
puts beautifully to many graphic for- 
mats — great for doing documentation 
(on paper or on disk) and for creating 
Web illustrations and animations. Out- 
put to AVI video was a breeze. The ren- 
dering options are quite precise — you 
can set lights and cameras easily on- 
screen. There are enough options for 
JPEG, GIF, PNG, VRML, and even TIFF 


and EPS to make the documentation 
folks very happy. 

All that said, what about the drawing 
tools? There’s a great mix of parts cata- 
logs and tools for creating new geome- 
try from scratch. You can add shapes 
and components to catalogs (lots of 



There are some nice wizards to help those new 
to 3D modeling. This one enables you to get a 
3D shape by spinning a 2D image template. 

standard “Intellishape” items are pro- 
vided) and drag them out to the draw- 
ing, embed drawing “handles” for 
tweaking the design into the model, 
and lock specific dimensions. You also 
can embed parametric intelligence, 
and relate shapes to one another for 
“smart” snapping. 

I like the “TriBall” cursor that lets 
you rotate as well as move (translate) a 
part. It is reminiscent of old versions of 
DataCAD, although VDS says it has 
patented the idea. 

System requirements are fairly mod- 
est. I got acceptable performance with 
a 15-part assembly under Windows NT 
4.0 with 80 MB of RAM and OpenGL 
graphics fully enabled, on a 200-MHz 
Pentium Pro. I got about the same per- 
formance with Windows 98 on a 366- 
MHz machine with 128 MB of RAM. 

IronCAD is priced at $4,995. Annual 
maintenance, which includes updates 
and on-line and phone support, is 
$1,295. An on-line demo is available on 
the VDS website at www.ironcad.com. 


Steven S. Ross teaches jour- 
nalism at Columbia University in 
New York City. He has au- 
thored three commercial soft- 
ware packages, including a units 
conversion program and an en- 
gineering calculations program. 
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20 channels for s 1,685' 


Fundamentally, yes, they both collect data. The similarities end there. Meet the Agilent 34970A data 


Agilent 34970A 

• 22 bit resolution 
16 1/2 digits) 

• 1 1 built-in 
measurement 
functions 

• 50,000 readings of 
non volatile memory 



acquisition system. Full performance you can afford for about the price of a PC plug-in system. How does 
dcV accuracy as good as .0035% sound? Plus built-in circuitry to measure 1 1 different functions without 
paying more for external signal conditioning. And BenchLink Data Logger software free with every unit. 

The 34970A truly gives you everything you need for low-speed data logging and characterization 
A front panel that's easy to use. Standard GPIB and RS-232 interfaces Still not convinced? Try the 
34970A for yourself with our easy demo program. Or download the free BenchLink software from our 


Scanning up to 250 channels 
per second 


www.agilent.com/find/bi 


1-800-452-4844;* Ext. 6873 


*US tixstca 

erf f-S77«4-44U. bt fm 


web site. And of course, you can always call and talk to another engineer, too. With Agilent's online 
purchasing and a price this affordable, it's a simple decision And that’s a difference everyone will like. 





Agilent Technologies 

*•. Inrwvating the HP Way 
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What 
can 
IRIS 
Explorer 
help you see? 

This is what a leading 
atheletic shoe maker saw! 

In our Advanced Technology Explo- 
ration department, we look at all 
computer tools that can help us de- 
sign product 
faster. We use 
IRIS Explorer for 
rapid application 
protoptyping 
when we want to 
test a new analy- 
sis algorithm and 


when we want to 
do “w hat if ex- 
periments. 

It gives us a fast 
and flexible way 
to pull together 
prototype code. 
IE's low pro- 
gramming overhead is a big advan- 
tage. Understanding our analysis re- 
sults and the morphology of the foot 
requires fast and accurate visualiza- 
tion, and this is 
where IE deliv- 
ers the second 
big benefit. 

Whether our data 
is from a laser 
scanner or a 
touch probe. IE consistently handles 
any dataset. 

Mark Johnston, Nike Inc. 

IRIS Explorer can bring a new 
view to your science and engi- 
neering applications whether it 
is medical imaging, chemistry, 
fluid dynamics, finance, earth 
sciences, or manufacturing. 
Now offered for UNIX worksta- 
tions and Windows NT. Y2K 
compliant! 


Numerical Algorithms Group 

1400 Opus PI.. Suite 200 
Downers Grove, IL 60515 
Ph: (630)971-2337 

www.nag.com • lnfo-ntb@nag.com 







Who's Who at NASA 


Michael B. Mann, Deputy Associate 
Administrator for Aero-Space Technology 


M ichael B. Mann 
is Deputy Asso- 
ciate Administrator 
for die Office of Aero- 
Space Technology. 

He provides executive 
leadership, as die sec- 
ond in command to 
General Spence M. 

Armstrong, for a $1.3 billion program 
covering four research and development 
centers working on long-term, high-risk, 
high-pavoff technologies for aviation 
and space transportadon. 



NASA Tech Briefs: What are the pri- 
mary functions of NASA’s Aero-Space 
Enterprise? 


Deputy Associate Administrator 
Mann: One hundred percent of the ac- 
tivities we do are technology develop- 
ment. We don’t take any products to 
final delivery — we simply develop tech- 
nologies. And we work in two funda- 
mental areas: aeronautics and space 
transportation. A number of the tech- 
nologies are common between the two. 

NTB: What do you see as the most 
critical aerospace technologies to be de- 
veloped over the next 10 years? 

Mann: 1 think we have a tremendous 
opportunity in the area of information 
technolog), both in adapting the tech- 
nologies that are being developed for 
other industries as well as creating tech- 
nologies unique to aerospace applica- 
tions. Intelligent systems is a major push 
— to have more computational capabil- 
ity available inside the the cockpit of an 
airplane, so that there’s more autonomy. 
The vehicle can operate more by itself, 
without human intervention. 

We just had a project in which we put 
a neural network in an F-15 fighter that 
simulated major failures. The airplane 
was able to adjust all the control proper- 
ties to simulate, for example, that the 
wing fell off, so that you could continue 
to operate the airplane. That’s all infor- 
mation-technology oriented. It’s the 
kind of thing the pilot wouldn’t notice 
until there’s a problem. In the past, they 
wouldn’t have been able to control it. 
Now, with these capabilities — essen- 
tially learning systems — they’ll have the 
ability to continue flying the airplane. 


NTB: In the future, might we see sim- 
ilar types of technolog\ r that could cor- 
rect a failure in time to prevent the loss 
of an unmanned spacecraft? 

Mann: Absolutely. In the Deep Space 
1 that just flew, there were IT experi- 
ments from Ames Research Center that 
controlled the spacecraft autonomously. 
They performed a number of the func- 
tions that were previously controlled by 
humans. That’s a very exciting area that 
has significant potential. And it’s not 
necessarily to replace humans — it’s to 
either augment their capabilities or 
to handle situations where humans 
wouldn’t be able to adapt as quickly. 

NTB: What are some of the Enter- 
prise’s recent developments in aviation 
technology? 

Mann: A lot of these developments 
show up in X-planes. We have the X-34, 
which will fly next year. And we have 
the X-43, which is a hypersonic test ve- 
hicle. We have a number of revolution- 
ary concepts we are working on — such 
as blended-wing bodies — which are 
just radically different kinds of air- 
planes. The blended-wing body would 
be a 300- to 800-seat airplane that 
would not look at all like today’s air- 
planes. It would look much more like 
the Stealth bomber — it’s a “flying 
wing” essentially. What that does is 
change the whole economics of air 
transportation. It’s the major new 
thrust that we’re working on with Boe- 
ing to really make a quantum leap in 
terms of cost, emissions, and noise. 

NTB: What do you consider to be 
today’s greatest single challenge to the 
Aero-Space Enterprise? 

Mann: The fundamental problem 
that we continually face is balancing 
the things that have very near-term re- 
turn with making sure that we have 
enough “leap-frog” or revolutionary 
technology work being supported. We 
have to continue to make sure that 
we’re doing enough long-term work 
while we’re providing those near-term 
benefits. 

A full transcript of this interview is avail- 
able online at www.nasatech.com. Contact 
Mr. Mann at mmann@hq.nasa. got k 
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The new XES 8825 DDS. 

Watch your productivity surge 
with integrated wide-format 
scanning, printing, and copying. 



Announcing the new 8825 DDS. 

It delivers more productivity features than 
any other system in its class. Like 
simultaneous printing, scanning, or 
copying. Built-in electronic collation. 
On-demand reprints of scanned jobs. 

And 400 dpi resolution for remarkable 
image quality. What's more, our unique 
AccXES™ controller delivers true 
modularity, so our system can grow with 
your requirements. The 8825 DDS. 

It's simply the most productive new way 
to channel your work. 

Discover 25 ways to simplify the way you work. 

(877) XES 8212, ext.187 

Contact us today and receive a FREE 
desktop gift...while supplies last! 


■ XEROX 

XES ENGINEERING 
SYSTEMS 


i XESyslems, Inc. 2000. AccXES***, the digital box icon and the 
acronym XES an* trademarks of XESs stems, Inc. Xerox « and 
the 8825 DDS are trademarks of Xerox Corporation. All rights 
reserved. Offer good until 05/30/2000 while supplies last. 

www.XES.com 
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BEA Software Used in Design 
of NASA Plant Growth System 
for Space Station 

ALGOR finite element analysis software 
ALGOR, Inc, 

Pittsburgh, PA 

412 - 967-2700 

www.algor.com 

Orbiting laboratories like the International Space Station 
(ISS) can provide unique environments for developing new 
medicines, industrial materials, and communications technol- 
ogy, and may sene as stepping stones for colonization, which 
will require humans to be self-sustaining in space. NASA cur- 
rently is conducting research for on-orbit plant growth that 
could eventually facilitate longer missions on the ISS or per- 
manent space inhabitancy. 

Orbital Technologies Corp. (ORBITEC) of Madison, WI, is 
providing NASA with the tools needed to grow plants in space, 
and the finite element analysis (FEA) information to make sure 
the tools can be transported safely. Astronauts will use the firm’s 
Biomass Production System (BPS) to conduct biotechnology 
plant research and metabolic experiments on photosyn- 
thesis, respiration, and transpiration on the mid-deck of 
the Space Shutde, and in rack facilities on the ISS. 

In order to qualify the BPS for space flight, ORBITEC 
used lineal static and dynamic stress analysis software from 



The BPS can contain up to four removable chambers, like 
the one shown here, which can be accessed to capture the 
results of microgravity studies by freezing plants on-orbit. 

.ALGOR to prove that the unit can withstand extreme dynamic 
loading during liftoff and landing. According to ORBITECs lead 
design engineer, Jeffery Iverson, the company studied plant 
growth systems flown on previous shuttle missions and consulted 
with NASA engineers to develop the BPS. 

The design features a double-locker enclosure, which more 
effectively optimizes the available volume over previous payloads. 
The new unit’s enclosure slides open so that astronauts have 
access to the inner chambers through all phases of the opera- 
tion. The box-shaped BPS features independent controls for 
temperature, humidity, lighting, and carbon dioxide levels; an 
active nutrient delivery system: and sealed chambers for gas 
exchange measurements. 


The project began with Phase I and Phase II contracts from 
NASA’s Kennedy Space Center in Florida through the Small 
Business Innovation Research (SBIR) program. Today, the pro- 
ject is being funded as a Phase III contract through NASA’s .Ames 
Research Center in California. 

Meeting Design Requirements 

Iverson’s FEA studies focused on four hilly constrained attach- 
ment points at the comers of the BPS since these areas would 
experience the greatest loads during liftoff and landing. The 
location of the BPS in the shuttle was a major design concern 
because it is bolted directly to an internal shutde wall above the 
astronauts, making structural analysis a critical requirement. 
Another concern was the four latches on the front panel that 
secure the sliding portion of the enclosure. 

The BPS enclosure design began with a solid model using 
AutoCAD 13 (from Autodesk, San Rafael, CA). The model 
was converted into more than 200 surfaces so that surface edges 
would align at planned interaction points with beam elements, 
which were to be added to the FEA model in ALGOR. The model 
was transferred in IGES format to Superdraw III, ALGOR’s single 
user interface for FEA, where a surface mesh was created using 
hand-meshing techniques. Iverson first produced a coarse surface 
mesh and ran preliminary' analyses to verify’ the geometry'. Then 

he produced a 
finer overall mesh 
and refined the 
surface mesh a- 
round the attach- 
ment points and 
latches using 
.ALGOR’s Merlin 
Meshing Technol- 
ogy. 

Once the mod- 
el was completed, 
Iverson copied the 
geometry' into a 
new file and select- 
ed lines and nodes 
that represent the 
ribs and structur- 
al elements of the 
internal payload. 

The 123-pound weight of the payload and enclosure, as well as 
varying launch and landing gravitational loadings, were applied 
in 20 different load cases. 

The resulting design met N.ASA’s requirements. Using the soft- 
ware’s built-in visualization capabilities, Iverson viewed the str ess 
results and used them to determine the calculated limit stress 
value. “The loading placed on the BPS is equivalent to 10-15 g. 
Loads of this magnitude would be virtually impossible to simu- 
late. The benefit of using FEA is to evaluate theoretical loads on 
an object without physical prototyping,” explained Iverson. 

The BPS unit will be subjected to a 24-day science test this 
summer, followed by a long-duration mission verification test 
that will simulate the actual mission. The BPS currently is 
scheduled for ISS Utilizauon Flight (UF-1) in the spring of 
2001. Scientists will use Super Dwarf Wheat and a mustard-like 
plant for the experiments. 

For More Information Circle No. 734 
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Iverson combined beam and plate elements into the 
FEA model to simulate the structural rigidity of the 
enclosure. Here, the linear static stress analysis results 
for the beam structure and plate enclosure are shown 
separately. 
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We Did t 



That's right we've take portable data acquisition to a 
whole new level. The DEWE-3010 and DEWE-2010 
completely redefine what a data acquisition system 
should be. Not just portable a rugged, but also open- 
architecture, so you can upgrade the hardware and 
software long into the future. With modular signal 
conditioners you can mix and match to create your own 
system with dozens of fast channels and up to 2048 
slow/temperature channels! 



. 



and any PC 


DEWE-3010 Ultra-portable 


I" U complete system 


-STD-810 Shock/Vib* 
Includes DEWEScope+ Software 
Plug-in DEWE-MODULES 
Front-ends for any A/D card 
Complete stand-alone systems 


Our DEWEScope+® software makes setup and 
recording easier than ever. Want to use DASYLab® or 
LabVIEW®? No problem - our open-architecture 
platform runs them all (and more| without a hitch. 
Trigger and capture effortlessly to disk at rates up to 
1 .25 MHz. With plug-in modules for direct connection 
of every sensor - DC and AC strain gages, charge and 
ICP® accelerometers, microvolts to kilovolts, RTD's and 
thermocouples (9 types), LVDT’s, string pots, RPM and 
TACH signals from engines and turbines, and more. 


With 1 000V isolation, exceptionally low noise, and 
multiple range/filter selections in each plug-in module! 
Dewetron builds rack-mounted and portable systems 
for a wide variety of applications in the automotive, 
aerospace, industrial, process control, research, 
chemical, medical research, and other industries. 

Find out what so many others have already 
discovered— for a no-obligation demo, please contact 
us today at 1-401-782-3866, visit our website, or send 
an email to: justdewit@dewamerica.com 





^ 'FK ?*- 


Dewetron, Inc. 

1 8 South Glen Court 
Wakefield. Rl 02879-7690 
Tel: 1-401-782-3866 
www.dewamerica.com 


AMERICA • AUSTRIA • BELGIUM • GERMANY • NETHERLANDS • SLOVENIA • THE CZECH REPUBLIC • THE U.K. 
All trademarks acknowledged as the properties of their owners. * Certain CDROM drives do not meet MIL-STD specifications 
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Higher-Resolution Optoelec- 
tronic Shaft-Angle Encoder 

An optoelectronic shaft angle en- 
coder measures angles with high resolu- 
tion. Fabrication of this design costs 
less than a quarter of that of the earlier 


(See page 46.) 


High-Power Laser Illuminator 

This laser illuminator, originally devel- 
oped for tracking small satellites from 
the space shutde, can be adapted to 
other moving or stationary platforms 
for tracking other moving or stationary 
objects. 

(See page 48.) 


Take Control. . . Lake Shore’s 
New 331 Temperature Controllers 


L ake Shore introduces the 
Model 331 Temperature 
Controllers, Lake Shore’s 
next generation of mid-price 
range temperature control 
instruments. 


Intelligently designed and 
well-integrated for high 
performance and ease of 
use, the Model 331 
Temperature Controllers are 
suitable for most cryogenic 
and many higher temperature 
measurement and control 
applications. 


The Model 331 Temperature 
Controllers combine the easy 
operation and unsurpassed 
reliability of Lake Shore’s 
Model 330 with improved 
sensor input and interface 
capability, including 
compatibility with negative 
temperature coefficient 
R I Us. 


Stop by booth 500, 502, 
and 504 at the APS 2000 
Show and enter the 
Model 331 Temperature 
Controller raffle. Don’t 
miss your chance to win 
the new standard in 
temperature control 
instrumentation. 


www.lakeshore.com 



• Two control loops 

• Supports diodes, Cernox™, Rox™, Thermox™, | 
Carbon-Glass™, germanium, platinum, 
rhodium-iron, and thermocouple sensors 

•Two sensor inputs 

• Large vacuum fluorescent display 

• One-touch access to commonly used functions! 

• Model 330 emulation mode 

• Current reversal 
•Autotuning 

• Alarms 

• IEEE-488 and RS-232 interface 


LakeShore 


575 McCorkle Blvd. 


Westerville OH 43082 • Tel: (614) 891-2244 < 
marketing@lakeshore.com 


Fax: (614)818-1600 


Composite Graphite Anodes 
Containing Cyclic Ether Additives 

This design increases the recharge- 
ability of lithium-ion batteries, a signifi- 
cant improvement for batteries that are 
used widely from space systems to laptop 
computers, portable telephones, and 
other portable electronic devices. 

(See page 56.) 

Leak-Free Pressurizing Valve 

This one-time-opening valve is re- 
garded as a more reliable, less expensive 
alternative to a similar pyrovalve. The 
valve would have no pyrotechnic mater- 
ial, eliminating the risk of premature 
detonation. Potential applications are in 
fire-suppression systems, emergency 
power units for aircraft, and emergency 
cooling systems. 

(See page 58.) 

Efficient Ionizer for an Array of 
Mass Spectrometers 

Electron- and ion-beam optics are de- 
signed to maximize generation and ex- 
traction of ions. This ionizer is designed 
to deliver ions to the entrance apertures 
of nine miniature quadrupole mass 
spectrometers in an array. 

(See page 66.) 

Apparatus and Technique 
for Measuring Distance 
Between Axles 

An optoelectronic apparatus and 
technique were developed for measur- 
ing distances of tens of feet with an ac- 
curacy of a fraction of an inch. Devel- 
oped originally for the space shuttle 
orbiter, this system can be adapted to 
measuring distances between wall 
frames inaccessible to tape measuring, 
to establish fence lines, or to lay out foot- 
ball grids. 

(See page 76.) 

Miniature, Low-Power, Digital, 
Wireless Electronic Camera 

A laboratory-bench-top version of this 
camera has been demonstrated. The 
camera is intended to serve as a low- 
power, long-battery-life unit in such ap- 
plications as surveillance of military or 
civilian facilities, home security, and re- 
mote monitoring of babies. 

(See page 77.) 


30 


For More Information Circle No. 413 


NASA Tech Briefs, March 2000 






AU V ILK I IfcLMJLIN 1 



OASIS 2000 

Sensor Interface System 

This computer controlled, multi-channel 
laboratory measurement instrumentation system 
provides users with a convenient front-end to a 
data acquisition system. It provides a universal 
signal conditioning interface for a wide variety 
of sensors including strain gages, piezoelectric 
and piezoresistive pressure sensors and 
accelerometers. Intelligent application software 
provides an easy operator interface and mini- 
mizes set-up time. It can be used for dynamic 
measurements for a wide variety of applications, 
including aerospace, transportation, and civil 
structures. 

Call Endevco toll-free at 1-877-ENDEVCO. 

For More Information Circle No. 550 



MODEL 7290 A 

Variable Capacitance Accelerometer 

Designed for measurement of low level and 
low frequency vibrations and linear acceleration 
in aerospace, automotive, and other critical 
applications. These accelerometers utilize 
unique variable capacitance microsensors and 
operate over a 2 to 150 g full scale range. Gas 
damping and internal overrange stops enable 
sensors to withstand extremely high shock and 
acceleration loads. The unit can operate from 
9.5 V to 1 8.0 V, provide a ±2 V low impedance 
output and has outstanding thermal stability over 
a wide temperature range. 

Call Endevco toll-free at 1-877-ENDEVCO. 
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MODEL 25A/B 
ISOTRON® Accelerometer 

The world’s smallest (0.2 gm) adhesive-mounted 
accelerometer, with integral electronics, meas- 
ures vibration on very small objects such as 
scaled models, small electronic components and 
in biomedical research. It produces 5 mV/g over 
a wide dynamic range (+ 1000 g’s) and has 
resolution of 10 mg. Field-replaceable coaxial 
cable extends service life in heavy-use situa- 
tions. Unit requires 4 mA constant current and 
returns low impedance voltage output through 
the same cable. 

Call Endevco toll-free at 1-877-ENDEVCO. 

For More Information Circle No. 552 


MODEL 7270A 

200,000 g 

Accelerometer 

Series of rugged 
undamped units 
designed for shock 
measurements. This 
silicon chip-based 
sensing system 
includes inertial 
mass and strain gages arranged in an active 
four-arm Wheatstone bridge circuit. Their 
exceptionally high resonance frequencies 
(1 MHz) and zero damping deliver accurate 
response to fast rise times and short duration 
shock. Ideal for measurement of long duration 
transients due to its dc frequency response. 

Call Endevco toll-free at 1-877-ENDEVCO. 

For Mor« Information Circle No. 553 


When you need to perform the most 
critical vibration, shock and pressure 
measurements in the toughest operating 
environments, look to Endevco for the 
best solutions. If your application requires 
temperature ranges from 450° F to 
1500° F, shocks as severe as 200,000 g and 
extremely hostile EMI, RFI, and EMP 
conditions, we’ve got the most dependable 
solution for you. Endevco delivers out- 
standing performance over bandwidths 


MODEL 8515C 
Low Profile 
Piezoresistive 
Pressure 
Sensor 

This rugged, minia- 
ture, high sensitivity 
piezoresistive 
pressure sensor is 
available in 0-15 
and 0-50 psia pressure ranges and has a 200 mV 
full-scale output. Its extremely low 0.030 inch 
profile and small 0.25 inch diameter package 
makes it ideally suited for use in small-scale 
model tests, wind tests as well as in flight tests 
on aerodynamic surfaces. 

Call Endevco toll-free at 1-877-ENDEVCO. 

For More Information Circle No. 554 


from dc up to 200 KHz and over the wide 
dynamic range from pg to 200,000 g. And 
these solutions come in the smallest, toughest 
and smartest sensors available today. 

You’ve seen Endevco quality and depend- 
ability climb to the top over the past 50 years. 
So when your application calls for a high- 
performance product, you can always depend 
on receiving traditional Endevco excellence. 

Contact us by fax, phone, email or visit 
our website today. 


The Measurement Solutions Company. 


ENDEVCO 


k 30700 Rancho Viejo Road, San Juan Capistrano, CA 92675-1748 

; Tel: (877)-ENDEVCO (Toll Free) Fax: (949) 661-7231 

f Web Site: http://www.endevco.com/extreme Email: applications@endevco.com 
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Endevco's Quality Dynamic Measurement Products: 

Performance You Can Depend on 
Under the Most Extreme Conditions. 





Q Special Coverage: CAD/CAE/CAM 


Mass 3D: From Design, to 
Manufacturing, to Supply Chain 


I n today’s fiercely competitive global 
marketplace, sleek, stylized designs 
have become an imperative, not an op- 
tion, for most manufacturers. No 
longer a matter of making tradeoffs be- 
tween form and function, optimizing 
both is now critical for nearly any prod- 
uct. It’s as true for high-gloss consumer 
goods (e.g., recreational kayaks, bou- 
tique home accessories, exterior auto 
parts, and running shoes), as it is for 
other traditionally less glamorous prod- 
ucts (e.g., automotive engine parts, the 
“guts” of PCs, and factory equipment). 
At the same time, shrinking design cy- 
cles and narrow market windows have 
become the rule. 

Like never before, today’s market con- 
ditions dictate massive proliferation of 
highly functional, very powerful “mass 
3D” design tools, not just on every engi- 
neer’s desktop, but across the extended 
enterprise — design, manufacturing, 
and the supply chain. Beyond using the 
technology for new product develop- 
ment, 3D users must be able to commu- 
nicate their ideas to a vast array of peo- 
ple and organizations involved in the 
process: management, manufacturing, 
documentation, purchas- 
ing, distribution, sales, 
marketing, vendors, sub- 
contractors, and partners. 

When everyone across an 
organization has access to 
integrated, easy to use, af- 
fordable mass 3D design 
tools, amazing things can 
happen. 

Consider this analogy. 

To enhance internal and 
external communications 
and to allow employees 
to instantly obtain infor- 
mation, manufacturers 
are deploying productivi- 
ty tools such as e-mail 
and Internet access 
throughout entire organ- 
izations. In this day and 
age, most of us would 
consider it preposterous 
to grant only 10 people in 


a 100-person organization access to these 
powerful information tools. The same is 
true for mass 3D. When only a chosen 
few can take advantage of desktop 3D 
functionality, they are severely limited in 
their ability to communicate design in- 
novations to the extended enterprise. 
Conversely, when it becomes possible to 
leverage 3D technology across extended 
organizations, companies can realize sig- 
nificant benefits, including reduced 
time to market, streamlined communi- 
cations among global team members, 
and better communication of design in- 
tent from design through engineering 
and manufacturing. 

Barriers to Mass 3D 

Mass implementation of 3D has been 
and continues to be very difficult for 
many manufacturers due to cost, train- 
ing, compatibility, and limited function- 
ality. In most cases, mid-range systems, 
although more affordable and easy to 
use than high-end systems, typically lack 
the power to complete all the jobs that 
are required in most design environ- 
ments. Many companies realize that 
leveraging full-function solid and sur- 


face modeling 3D design tools through- 
out an extended corporation could help 
communicate design concepts in a 
much more efficient and economical 
manner than traditional means. 

While it is easy for most companies to 
understand the benefits of deploying 
more 3D CAD tools throughout their 
company, it is quite a challenge to select 
the right softw'are tools to meet the dis- 
parate needs of users across an organiza- 
tion. They must determine which will be 
more effective: a few general-purpose 
tools, or many specialized tools. To re- 
duce costs and simplify administration 
and training, some companies attempt 
to standardize on a single system. Others 
yield to strong pressures to use a variety 
of systems. 

In today’s extended enterprises, com- 
panies must work more closely, and 
concurrently, with suppliers, customers, 
vendors, and other partners. Each of 
these typically has a different CAD sys- 
tem. Even within single companies, 
with the number of mergers and acqui- 
sitions happening today, it is very com- 
mon to have a number of design de- 
partments working together on differ- 
ent CAD systems. Many 
companies end up with 
four or more different 
CAD systems, and they se- 
lect which one to use de- 
pending on the partner 
for the project. Although 
pragmatic, this approach 
is expensive and, ulti- 
mately, not scalable to 
the entire organization. 

At the same time, there 
is tremendous pressure 
for companies to increase 
the productivity of indi- 
vidual tasks. A common 
solution for this is to use a 
specialized CAD tool for 
each task. CAD vendors 
amplify this situation by 
specializing only in cer- 
tain areas in order to re- 
main competitive. Even 
today, there are systems 



think3's m mass 3D " software, thinkdesign, enables designers to easily import geom 
etry from other systems (such as CATIA , pictured here) into their design environ- 
ment without losing data integrity, structure, or ancillary nomenclature. Data can 
then be exported in compatible file formats to downstream manufacturing tools. 
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Out-of-the-Box ” 

Data Acquisition 

For Portable, Distributed, & Lab Applications 




Whether you're in a vehicle, on the plant floor, or in the test lab, lOtech has the optimal data acquisition solution for your 
application. Our Out-of-the-Box" software allows you to acquire data as soon as you've attached your signals. Drivers for 
all popular languages & applications under Windows*' 95/98/2000/NT, including Visual Basic*, C++, Delphi", LabVIEW*, 
& DASYLab* are also provided. 


USB 


High Speed 


Up to 80 
channels of 
thermocouples, digital 
I/O, & frequency - all 
in one compact, USB- 
powered module. 
Personal Daq’", 
from S695 
WEB QUICK FIND #400 


Stand-Alone 


Out-of-the-Box r 

Software 


I SisiaisBir 


s* pan 


* 


included FREE! 


1 MHz, 16-bit 
sampling for portable & 
desktop applications. 
Expandable up to 72 
channels - /CP 
accelerometers & 
strain gage signal 
conditioning options. 
WaveBook", 
from $2,995. 

I WEB QUICK FIND #401* 


Ethernet 
& Serial 


easure & control 
over 400 I/O channels 
at rates up to 1 00 kHz - 
without a PC at the test site. 
Programs & acquired data are stored 
in removable PC-Card memory. 
LogBook" from $3,495. 
WEB QUICK FIND #402* 


Isolated voltac 
& thermocouple 
inputs, all from one 
ethemet or serial port. 
OPC/DDE-server for SCADA/HMI ^ 
applications. NetScarT & ChartScarT 
from $1,995. 

WEB QUICK FIND #403* 


www. daq products 

For a complete listing of lOtech worldwide 
sales offices, see www.iotech.com/sales.html 

Australia 61 3 9569 1 366. Austria 4 3 316 30700. Belgium 
31 162 472 461; Brazil 55 1 1 853 2733: Canada f905) 890 201 0. China 
86 10 6232 9880 Denmark 45 4 3 71 64 44 Central Europe 
431 54 51588; Finland 3S8 9 4761600; France 331 3489 7878. Germany 
S ynoteth 49 2462-99- 1 9-0 Spectra 49 71 19-02-97-0 Hong Kong 
852 2833-9987. India 91 -80655-4993, Indonesia 65-482 5600, Israel 
972-3-649-8538, Italy 39 02 392 66561 Japan 81 3-3279 0771. 

Korea 82 2 5 38-4001; Malaysia 603-791-2220. Netherlands 
31 162 472 461. New Zealand 64 9309 2464, Norway 47-22-7640-00; 

Portugal 349-1 -570-2737; Singapore 6 S -482- 5600; South Africa 
27-11-254-8420 Spain 349-1 -570-2737, Sweden 46 1 3-357030 
Switzerland 41 1 -878-9090; Taiwan 886 2 2797 3357, Thailand 
65 482-5600 United Kingdom 44 1 296 397676 



1 . 888 . 816.1701 
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.com 

lOtech Inc. 
25971 Cannon Rd 
Cleveland OH 44146 
Fax 1.440.439.4093 
sales@iotech.com 

* For up to date information an products, and to order online, 
visit the lOtech Web site and enter the QUICK FIND number. 

All trademarks or registered trademarks are property of their 
respective holders. 




Temperature 



Strain 



Vibration 



Pressure 



You've Got Sensors, 
We've Got Solutions 

Attach your sensors directly to 
lOtech's Out-of-the-Box" data 
acquisition solutions for 
portable, lab, & stand-alone 
applications. Get signal 
conditioning, A/D, & software - 
all from one supplier. 

Browse a wide selection of 
solutions online, or call for your 
free Y2000 catalog & demo CD. 

www.iotech.com 
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1 . 888 . 890.3011 

* Far up to date information on products, and 
to order onine, visit the lOtech Web site 
and enter the QUICK FIND number. 

Circle 402Z 



Data Acquisition 
16- Bit Performance 
12-Bit Price! _ 



Two 16-bit , 100-1 iHz waveform- 
capable analog outputs 


On-board supply for powering 
external signal conditioning St 
expansion options 


1 00 % digital calibration on all ranges 


1 6-bit, 200-kHz A/D 


16 analog inputs, expandable 
up to 256 channels 

Synchronous scanning 
of analog, digital, 

St counter inputs 
up to 200 kHz 


Convenient 1 00-pin connector 
contains all I/O signals 

Over 30 signal conditioning St expan 

options for direct measurement of 
thermocouples, RTDs, strain gages, 
accelerometers, St much more 

Up to four boards can be installed into one PC 

6 counter/timer channels 

40 digital I/O lines, expandable up to 208, 
including isolation & relay closure options 

1 6-bit, 1 OO-kHz digital pattern generator 

Pre- St post-triggering on analog, digital, St digital pattern 


PCI bus mastering for continuous streaming 
of input St output data synchronously 


DaqView" software for 
Out-of- the- Box' 1 setup 
Si instant operation \ 1 


Drivers for Windows' 
95/98/2000/NT, LabVIEW • 
TestPoint', St DASYLab 



■»g 

15 years of developing data acquisition products, including 
signal conditioning and software. 

Visit our Web site at www.daqboard.com to learn more 
about the DaqBoard/2000' M , and to place your order 4$ 
directly. Contact us today for your FREE Y2000 Catalog. 

www.daqboard.com 
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that are primarily 2D and are still selling 
well. To reach more users in the enter- 
prise, some vendors specialize in viewing 
and collaboration tools using simplified 
3D geometry models. Unfortunately, it is 
very easy to lose die productivity gains of 
a single task when data needs to be con- 
standv moved between systems. 

These two pressures often are greatest 
for companies in the middle of the sup- 
ply chain. Take a mold designer, for in- 
stance. Their customers probably are us- 
ing high-end surface or solids modeling 
systems. Their downstream vendors typi- 
cally only have 2D systems or surface- 
based NC software. The design of a mold 
includes the very complex surface mod- 
eling task of creating the core and cavity 
geometry, while the major components 
of the mold base can be designed in 3D 
solids or in 2D. There are always a 
tremendous number of 2D drawings and 
other documentauon required. The 
choice of a single CAD system for this 
environment can be very difficult. 

In a large company, there are similar 
pressures. The elite product designers 
probably have leading-edge 3D technol- 
ogy, but typically the data is locked up in 
a proprietary database to which no one 
else in the company has access. While 
the high-end, process-centric tools offer 
the technical ability to deploy their sys- 
tem throughout an organization with as- 
sociativity and concurrent engineering, 
it isn’t happening. The tools are too 
heavy, too complex, and too expensive 
for all but some aerospace and automo- 
tive manufacturers. 

Compatibility Issues 
Restrict Mass 3D 

Whenever a number of CAD systems 
must be used together on a project, 
there is always the problem of data 
translation. A few years ago, several 
vendors in the industry proposed that 
all CAD systems should use the same 
underlying geometry kernel. This 
would ensure that all data translation 
between systems would be more accu- 
rate and reliable than using intermedi- 
ate formats such as IGES or STEP. In- 
stead, there are two available commer- 
cial kernels today, ACIS and Parasolid. 
This defeats the purpose of having a 
standard. As well, many of the leading 
CAD systems still use their own geome- 
try kernels. 

While most CAD systems try to differ- 
entiate themselves from the competi- 
tion through geometry creation fea- 
tures, it is perhaps becoming even more 
important to be able to work successful- 
ly with geometry from other systems. 
There are two separate issues related to 
data translation. First is the ability to im- 


l 


port the data. Very reliable IGES and 
STEP translators still will be required 
for some time because of the large num- 
ber of CAD systems with proprietary for- 
mats. In addition, direct translators are 
becoming very important in order to 
simplify the process and increase accu- 
racy' when working with the most com- 
mon formats. 

Once the data has been imported, it is 
important to be able to complete the de- 
sign task regardless of the format of the 
incoming data. Some CAD systems work 
fine if they are given highly accurate sol- 
id models, but what if the data contains 


to work with surfaces, parametric 
solids, or in standalone 2D, depending 
on the task at hand. At the same time, 
the tool must be intuitive and consis- 
tent in each environment. 

• Compatible. No company will achieve 
mass 3D by using only a single system. 
There always will be a number of spe- 
cialized or legacy tools, plus those of 
external partners. Each of these tools 
typically will not be a mid-range solid 
modeler. Specialty tools will be ad- 
vanced surface modelers or high-end 
solid modelers. Legacy tools may be an 
old 2D system. It is important that the 


CAD systems are either too expensive and 
complex to roll out to a large number of users, 
or they are simplified tools that only meet 
the needs of a few users. 


only surfaces, or incomplete solids, or 
just 2D? Often, the company receiving 
the data is not in a position to insist on 
the type or quality of the data being giv- 
en to them. CAD users must have the 
tools to complete their design work on 
time and on budget, regardless of the 
quality' of the data from their customer. 

Requirements of Mass 3D 

The idea of mass 3D is not new. Many 
CAD vendors have proposed the con- 
cept of a 3D CAD system for everyone in 
an organization that needs access to de- 
sign data. However, existing systems have 
one of two problems. Either they are too 
expensive and complex to roll out to a 
large number of users, or they are sim- 
plified tools that only meet the needs of 
a few users within the organization. 

In order to achieve the “Holy Grail" 
of mass 3D, a CAD system must have the 
following characteristics: 

• Low cost. A mass 3D system must be 
priced affordably so that everyone 
across the organization and the ex- 
tended enterprise can afford to have a 
desktop system. However, since the 
number of seats a company requires 
may change greadv from lime to time, 
there must also be a flexible licensing 
model. For mass 3D, a flexible sub- 
scription model or ASP model, with no 
up-front fee, is the right approach. 

• Full functionality. Because the goal is 
to encompass a large number of users, 
there most likely will be a wide variety 
of functionality required. This cannot 
come with the complexity of today’s 
high-end systems. Users must be able 


mass 3D system not only is able to im- 
port all of these kinds of data, but it 
must also be able to truly work with 
the data in its original format. It 
should be possible to make a design 
change to a 2D drawing without con- 
verting it first to 3D. 

• Easy to learn. When deploying 3D 
CAD to a large number of users within 
an organization, it is unreasonable to 
expect everyone to attend long, struc- 
tured classroom training courses. In- 
stead, it is important to offer self- 
paced, computer-based training, 
where users can learn only what they 
need and take the training when it fits 
their schedule. 

• Interactive support. To get support on 
most CAD systems today, users must 
call into rigidly structured, time-con- 
suming hodines. In today’s webcen- 
tric environment, users should be able 
to help themselves if given an intuitive, 
friendly, informative knowledge base 
of solutions on the web. 

The pressure to deliver complex 
molds faster, while constantly improv- 
ing quality, continues to increase for 
companies in today’s competitive mar- 
ketplace. What companies will discover 
is that the data, file, and design process 
compatibility of a mass 3D solution can 
yield tremendous productivity benefits, 
and can be the key to keeping pace 
with customers’ ever-changing needs 
and requirements. 

This article was unitten by Dan Smith , Di- 
rector of Technical Marketing at think3, 
Santa Clara, CA. For more information, call 
408-987-2200, or visit www.think3.com. 
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© Computer Code Generates Two-Dimensional 
Unstructured Grids 

Shapes of grid cells are controlled by specifying point-insertion criteria. 

John H. Glenn Research Center, Cleveland, Ohio 


TRiangular Unstructured Mesh gen- 
erator by Point insErTion (TRUM- 
PET) is a computer program that gen- 
erates meshes that are composed of 
triangular cells and are bounded by 
complex shapes. The bounding shapes 
can be singly or multiply connected 
two-dimensional regions. The figure 
depicts two examples of meshes that 
can be generated by use of TRUMPET. 

The boundaries are specified by the 
user. The number of points used to de- 
scribe a boundary can vary from 2 for a 
straight line to n > 2 for a boundary with 
curvature. Once specified, the points 
are then splined. A point-distribution 


function can then be used to cluster or 
stretch the points along a given bound- 
ary segment. 

The boundary points are then used 
to start a point-insertion process. First, 
the boundary points are triangulated 
on the basis of the Delaunay criterion. 
The result of this triangulation is usu- 
ally not desirable. Points are then in- 
serted in the domain to obtain a rea- 
sonable grid. 

Five point-insertion criteria are used 
in TRUMPET. A new point is inserted at 
the circumcenter of a cell that meets 
whichever criterion is chosen. This en- 
ables one to control shapes of the cells 


that are added to the domain. One cri- 
terion produces a grid of cells that are 
more nearly equilateral; another crite- 
rion produces a grid with stretched cells 
(used for computing viscous flow). The 
criteria can be mixed to produce a grid 
most appropriate for the problem one is 
attempting to solve. 

Upon completion, the code pro- 
duces a file of Cartesian coordinate 
data as well as a complete set of con- 
nectivity files. These files give the cell- 
to-node, cell-to-edge, edge-to-cell, 
edge-to-node, node-to-node, node-to- 
edge, and node-to-cell information. 
Types of boundary conditions can be 




Meshes of Triangular Cells, bounded by complex and/or multiply connected areas, can be generated by use of TRUMPET. 
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specified by tagging the boundary 
edges. TRUMPET also includes a sort- 
ing routine that orders the cells and 
edges geometrically. A coloring algo- 
rithm is employed to produce a set of 
four-color files such that no cell lies 
next to a cell of the same color. 

The code calls software libraries in 
OpenGL and GLUT to display the re- 


sults of the triangulation procedure as 
it progresses. This feature enables vi- 
sual inspection of the node distribu- 
tion along the boundaries and the re- 
sulting grid. 

This work was done by Philip C. E. Jor- 
genson o/Glenn Research Center. Further 
information can be obtained at the web site 
http://www.grc . nasa.gpv/W\\ \\ /micwbus/ cese/ 


Jorgenson/ Jorgenson, html or from 
Dr. Philip C. E. Jorgenson, 

MS. 5-11 

NASA Glenn Research Center at Lewis Field 
21000 Broohpark Road 
Cleveland, OH 4413 
Telephone No: (216) 433-5386 
E-mail: Jorgenson @grc. nasa.gov. 
LEW-16824 


4k Designing Composite Repairs and Retrofits for Infrastructure 

Techniques for designing laminated composites can be utilized for this purpose. 

John H. Glenn Research Center, Cleveland , Ohio 


A method of analyzing and designing 
laminated composite-material wraps for 
columns, arches, domes, and other large 
reinforced-concrete structures involves 
an extension of composite-mechanics 
concepts and computational techniques 
developed previously for the analysis 
and design of the composite materials 
only. As used thus far, “composite mate- 
rials” denotes polymeric matrices rein- 
forced with polymeric or nonpolymeric 
fibers — e.g., epoxy reinforced with glass 
fibers. Wraps made of composite materi- 
als can be applied to reinforced con- 
crete structures to repair them or as 
retrofits for reinforcement against loads 


that are expected to exceed original de- 
sign loads. 

The method involves, among other 
things, recognition that reinforced con- 
crete can also be regarded as a compos- 
ite material and that a reinforced-con- 
crete structure wrapped with a 
polymeric-matrix/ fiber laminate can be 
regarded as a more-complex composite- 
material structure. The concrete can be 
regarded as a matrix, while the reinforc- 
ing steel bars embedded in the concrete 
can be regarded as fibers. Hence, the re- 
inforced-concrete structure is amenable 
to the same finite-element analysis as 
that conventionally applied to polymer- 


matrix/fiber composites — of course, 
with appropriate modifications of the 
stiffness parameters and dimensions of 
the finite elements that represent the 
different constituent materials. 

By analogy with laminated polymer- 
matrix/fiber composites, the overall 
laminate-wrapped reinforced-concrete 
structure can be treated computation- 
ally as a laminate that comprises ( 1 ) lay- 
ers of concrete (matrix) only, (2) layers 
that contain both concrete and reinforc- 
ing bars (matrix and fibers), and (3) one 
or more layer(s) of the applied polymer- 
matrix/fiber laminate. Therefore, both 
without and with the composite wrap, 



Epoxy/Fiberglass Composite Would Be Wrapped 

around a steel-reinforced concrete column. Even 
though the composite overwrap would be only 
0.5 in. (12.7 mm) thick, calculations indicate that 
it could prevent collapse in the event that con- 
crete was subjected to double its rated load. 


Don't get handcuffed by big reputations... 

[.y Can’t find the exact product you need? 

K ‘"‘ Don't like being locked into one source? 

Feel like you’re being pressured into using a graphical language 
you really don’t care for? 


consider The High-Performance Alternative 

in Data Acquisition 

■nmBBmmm&m 1 1 iiih m 


ariijjr. j 


\ 

TV; 


i A iWc B \/ 

V 7 ■ - ;'L 1 l! 



We offer everything those all-too-familiar suppliers do - and more!!! 


Freedom of choice with superior specs and reliability 
Unmatched performance at high speeds and resolutions 
Drop-in VI compatibility with LabVIEW 
Support for LabWindows/CVI, DASVTab, DIAdem, HP VEE and TestPoint 
Support for all popular languages and applications including Linux drivers 


* 




10 Dexter Avenue. Watertown. MA 02472 

Tel: 1617} 924-1155. 1800} 829-4632; Fax: (617) 924-1441; 

Web site: http://www.ueiddq.com. E-mail: info@ueidaq.com 


TV Uxjh P 


New Mathcad 2000 provides the 
total technical solution. 



Advanced calculating power is just the beginning. 

New Mathcad 2000 is much more than just a calculation package. It's the most useful tool available for taking all your technical projects 
from start to finish, quickly and easily. It starts with unmatched calculating power and speed, coupled with superior visualization tools. But 
Mathcad 2000 lets you go further, with professional documentation and collaboration tools. Plus integration tools to bring together all your 
calculations, text, graphs, sketches, and drawings into your Mathcad worksheets. Most important, every last one of Mathcad 2000’s 
powerful new features is designed to help you do your best work, with the least amount of effort. 


• Unmatched Math Functionality 

Mathcad 2000's advanced math functionality provides 
greater support for your work in engineering, science, 
statistics, business and finance, and more. And improved 
IntelliMath™ automation and ease-of-use features boost 
your productivity, while optimizing your results. 


• Complete Interoperability 

Mathcad works seamlessly with all your favorite Microsoft* 
Office, OLE and ActiveX applications, so you can bring 
together your data and graphical elements in just the right 
way. And with built-in SmartSketch* LE, you have advanced 
2D parametric CAD capabilities right at your fingertips. 


• Professional Documentation 

The latest document formatting options allow you to 
prepare your documents to the exact specifications you 
need, with just the look you w ant. 

• Web Integration and Collaboration 

Built-in Web tools make it easy to collaborate and share 
your work with colleagues. 

Over a million engineers and scientists worldwide rely on 
Mathcad for performing their technical work quickly and 
accurately. Whether you choose Mathcad* 2000 Premium, 
Professional, or Standard edition, you’ll add a whole new 
dimension to your calculating power. 

Get Mathcad 2000 at one of these resellers: 


• Superior Visualization 

Improved 2D and 3D graphing, now enhanced by Axum* 
LE, gives you better insight into your work. You get precise 
control over your graphs, for spectacular results and 
presentation-quality documents. 



JH Satomrtv * irVwAtVi sorrCHcifcE COMPUSA lillC^O GEfKc^ fV op *? 

Or by visiting WWW.mathSOft.COm /webstore. For volume licensing call 1-800-628-4223 (1-800-MATHCAD) today! 

Copyright 1999. MathSoft. lac. all right* reserved. Mathcad and Axwa are registered trademarks and latrlliMatli is a trademark of MathSoft. lac. 


For More Information Circle No. 502 




the reinforced-concrete structure can be 
analyzed by use of general-purpose finite- 
element structural-mechanics computer 
programs and by composite-mechanics 
and progressive-structural-fracture com- 
puter programs developed previously 
for polymer-matrix/fiber composites. 
One can, for example, take advantage of 
all the features of the Integrated Com- 
posite Analyzer (ICAN) composite-me- 
chanics program, which has been de- 
scribed previously in NASA Tech Briefs. 

In some cases amenable to simplify- 
ing assumptions, the method can be 
practiced without need for a computer 
program. An example of such a case 
that illustrates the benefit of retro- 


fitting is that of a composite overwrap 
to prevent or delay the collapse of a 
round concrete column reinforced with 
longitudinal steel bars. In this example, 
it is assumed that the concrete collapses 
to essentially a hydrostatic state when 
loaded to twice its rated ultimate load. 
Then using the dimensions indicated in 
the figure along with the associated ma- 
terial parameters and with a simple 
hoop-stress formula, one can calculate 
that collapse can be prevented (that is, 
the crumbled concrete can be con- 
tained) by an epoxy/ fiberglass compos- 
ite containing 50 volume percent E- 
glass fiber wrapped in one 0.1-in. 
(2.5-mm)-thick layer with fibers ori- 


ented longitudinally and in another 
0.4-in. (10.2-mm)-thick layer with fibers 
oriented circumferentially. 

This work was done by Christos C. Chamis 
and Pascal K. Gotsis of Glenn Research 
Center. For further information , access the 
Technical Support Package (TSP) free on-line 
at urww.nasatech.com under the Materials 
category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office , Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. 

Refer to LEW-16879. 


@A Method for Designing Low-Pass FIR Digital Filters 

Time-domain filters are first constructed in the frequency domain, using special 
window functions. 


NASA s Jet Propulsion Laboratory, Pasadena, California 


A class of finite-impulse-response 
(FIR) digital filters has been developed 
to perform certain frequency-limiting, 
decimation, and differentiation (with re- 
spect to time) functions on a time series 
of data samples. The method is imple- 
mented by use of design equations that 


contain parameters that can be adjusted 
to obtain the desired functionality while 
limiting such undesired effects as alias- 
ing and gain ripple. The original appli- 
cation is processing of a time series of 
raw range data from the proposed Grav- 
ity Recovery and Climate Experiment 


(GRACE), in which microwave phase 
tracking between two small spacecraft 
orbiting the Earth would yield the time- 
tagged raw range data, which would be 
processed to extract information on the 
structure of the gravitational field of the 
Earth. The method is general enough to 
be applicable in other situations that in- 
volve similar signal-processing require- 
ments. 

Consider a time series wherein R ■ de- 
notes the raw datum at the fih sampling 
period. One seeks an FIR filter that can 
be convolved with the raw data in the 
time domain over a time window of an 
odd number, N f , of sampling periods to 
obtain low-pass filtering plus decimation 
by a factor of N { . The low-pass filtered, 
decimated time series is to be given by 



n=-N* 


where the F n terms are the FIR filter coef- 
ficients and Ny, = (N f - 1)/2. One also seeks 
low-pass-filtering and decimating FIR fil- 
ters F n and F„ to obtain the first and sec- 
ond derivatives of the data with respect to 
time (range rate and range acceleration 
in the original application). The corre- 
sponding equations are 

«, = 

*■ = £ F n R,_„ 
n—N h 
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Each FIR filter is required to differ- 
entiate to the desired order and to 
exhibit a nearly rectangular low-pass 
frequency response. To prevent 
aliasing of out-of-band noise into 
the desired low-pass band, the low- 
pass cutoff frequency should be set 
at or near the applicable Nyquist 
value, which is half the output data 
sampling frequency. The well- 
known window-function approach is 
used to formulate the FIR filter. The 
time-domain window function con- 
sists of a rectangular time-domain 
window self-convolved N c times. The 
frequency-domain response of such a 
time-domain window is approximate- 
ly given by a simple closed-form ex- 
pression of the form [sin x/x ] V1 . This 
class of filters is classified as CRN fil- 
ters designating N convolutions of a 
rectangle. 

In designing the filter, one must 
choose values for the nominal cutoff 
frequency (bandwidth), for JV C , and 
for the filter length T f = N f /f (where 
f is the raw-data sampling fre- 
quency). The filter is first con- 
structed in the frequency domain by 
convolving the desired rectangular 
low-pass frequency response with the 
known discrete Fourier transform, 
[sin x/x]^ 1 , of the selected Af c -self- 
convolution time-domain window 
function. The result of this convolu- 
tion is then discrete-Fourier-trans- 
formed to the time domain to obtain 
the FIR coefficients. The advantage 
of this class of FIR filter is that the fre- 
quency-domain response can be ap- 
proximately assessed “in advance” on 
the basis of the simple [sin x/x]*^ 1 

Figure 1. Range FIR Filter Coefficients and the frequency response of the filter were calculated for a test function. Further differentiation can 
case of fs = 10 Hz, T f = 5 s, and nominal cutoff frequency of 0.1 Hz. be easily applied by multiplying by 

27l/in the frequency domain. 

The upper part of the Figure 1 de- 
picts the FIR coefficients and fre- 
quency response of a range filter de- 
signed according to this method for a 
test case, using N c = 6. As one would 
expect, the FIR amplitude vs. time re- 
sembles a sin(x)/x function, except 
that it tapers toward zero in the outer 
time regions. This taper is caused by 
the window function. The lower part 
of Figure 1 shows the predicted fre- 
quency response of the range filter. 
Figure 2 depicts the FIR coefficients 
of a range-rate (first-derivative) filter 
for the same test case. 

This work was done by J. B. Thomas of 
Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , 
access the Technical Support Package 
(TSP) free on-line at www.nasatech.com 
under the Information Sciences category. 
Figure 2. Range-Rate FIR Filter Coefficients were calculated for the test case of Figure 1. NPO-20643 
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Ik Software for Predicting Life of Metal-Matrix Composites 

Fiber fractures are modeled according to statistical distributions of fiber strengths. 

John H. Glenn Research Center, Cleveland, Ohio 


LIPS (LIFE PREDICTION SOFT- 
WARE) is a computer program for pre- 
dicting the life of an object that is made 
of a unidirectional-fiber/metal-matrix 
composite (MMC) material and that is 
subjected to mechanical loading along 
the fiber direction. The program is de- 
rived from a theory formulated to be 
consistent with the experimental obser- 
vation that progressive fiber fracture 
(more precisely, successive fractures of 
different fibers) is a dominant damage 
mechanism that leads to failure in 
MMCs. This theory is fundamentally dif- 
ferent from other theories in which the 
effects of broken fibers are represented 
by artificially reducing the moduli of the 
fibers. In the present theory, progressive 
fiber fracture is addressed via a fiber- 
fracture criterion based on a statistical 
distribution of fiber strength. 

The fiber material is assumed to be 
isotropic and linearly elastic at all tem- 
peratures. For the matrix material, one 
can use any constitutive model of elastic- 
viscoplastic, creep, or viscoplastic behav- 
ior. In the special case of a composite 
material in which all the fibers are intact 
and the inelastic-strain rate of the matrix 
material can be expressed in a simple 
power-law form, the theory yields a 
closed-form expression for the strain in 
the composite material 

LIPS is a Windows™-based applica- 
tion program designed for convenience 
of use by engineers. It affords consider- 
able flexibility for selection of input and 
for interpretation of output. 

LIPS consists of three modules — de- 
noted the material data-base, analysis, 
and postprocessor modules. The data- 
base module contains tables of tempera- 
ture-dependent properties of fiber and 
matrix materials. Drop-down-menu con- 
trols enable the user to classify a materi- 
al as elastic, elastic-plastic, or elastic-vis- 
coplastic. The user can select or modify 
properties of materials already in the 
data base, and can define new materials 
for the data base and specify their prop- 
erties. The user can gain access to the 
material data-base module both before 
and after entering the analysis module. 

The analysis module enables the user 
to provide the input data necessary for 
using the progressive-fiber-break model 
implemented by the program. The 
analysis module also provides access to 
the postprocessor module. 

The postprocessor module affords 
basic capabilities for displaying the re- 
sults of computations in graphical form 


and for printing the results in graphical 
or textual form. This module provides a 
postprocessing window, within which 
there are several pull-down menus that 
enable the user to select data for plot- 
ting, change a previously generated 
graph, and/or print a graph. The user 
can also open two resultsof-computa- 
don or experimental-data files at the 
same time and compare the results on 
the same plot 


This work was done by Jalees Ahmad of Re- 
search Applications, Inc., for Glenn Research 
Center. For further information, access the Tech- 
nical Support Package (TSP) free on-line at 
wwuxnasatech.com under the Materials category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail 
Stop 4-8, 21000 Brookpark Road, Cleve- 
land, Ohio 44135. Refer to LEW-16835 . 
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Special Coverage: CAD/CAE/CAM 


Helix Capture CAD /CAM 
software from Microcadam, 
Los Angeles, CA, enables 
designers to create solid 
models based on 2D 
AutoCAD drawings. Start- 
ing from within the Auto- 
CAD program, users are 
prompted to select \iews 
for 3D generation. The 
views are automatically 
transferred into Helix 
Modeling, which creates 
solid models using AutoSOIJD™ and Gen3D™ functions. 

The program uses intelligent algorithms to build models from geo- 
metric information in the 2D drawing. If cross-view inconsistencies 
are detected, Gen3D completes the model. Modeling features 
include integrated surfaces, motion simulation, mass properties, 
interference detection, and sheet-metal design. 

For More Information Circle No. 724 


GraphiCode, Mountlake 
Terrace, WA, has an- 
nounced GGCAM 4.1.4 
printed circuit board 
design software that 
controls manufactur- 
ing data, PCB design, 
and verification. An im- 
proved contour engine 
assists in the nedist 
extraction process and 
works on jobs with nets 
of up to 130,000. 

An SPT file enables the tester to make a valid Discharge Reference 
test on boards with split planes, without shorting or connecting split 
sections of the reference plane together. An SIZ file enables the tester 
to adjust accuracy for ranges of test feature size. Other improvements 
include increased fabrication process speed, and compatibility with 
other PCB fab equipment. 


RMxprt™ rotating 
electric machine de- 
sign software from 
Ansoft Corp., Pitts- 
burgh, PA, allows 
users to design all 
types of motors and 
generators. It can 
be used to evaluate 
potential motor 
configurations and 
identify the most 
appropriate alternative prior to performing detailed analysis. 

The user interface enables quick entry of motor-specific data, such 
as operating source, rotor, stator, lamination geometry, winding con- 
figuration, materials, mechanical load type, 3D effects, and commu- 
tation parameters. It automatically generates a 2D geometric model 
and calculates motor performance. 


For More Information Circle No. 721 

TracePro® 2.0.4 optome- 
chanical 3D solid modeling 
software for lighting design 
and biomedical applications 
from Lambda Research 
Corp., Littleton, MA, in- 
cludes bulk scattering, 
updated luminaire design 
and analysis, and a tracing 
tool for arbitrary bitmap 
images. It provides enhanced support of standard illumination out- 
put formats, and DXF output for irradiance and illuminance maps. 

The program is compatible with more than 200 CAD-based pro- 
grams, and features an intuitive graphical interface for modeling 
stray light analysis, illumination analysis, and lighting design. 
Additional data is displayed on screen for multiple or single wave- 
lengths. An optional bitmap module wizard translates standard BMP, 
JPEG, GIF, or PNG files into a TracePro source file. 
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Varimetrix Corp., Palm 
Bay, FL, offers VX Vision 
FabDesign™ CAD/CAM 
software for creating sheet- 
metal parts. Users can de- 
sign complex, multi-part 
assemblies with a mix of 
sheet metal, plastic, and 
other components. De- 
signers create feature- 
based solid models of sheet-metal parts in the context of a full 3D 
assembly. They can fold and unfold an entire part or individual 
bends. 

Features can be added to parts in the folded or unfolded state. As 
sheet-metal parts are designed, the program automatically creates 
bend allowances and reliefs. Other features include the ability to 
work with sheet-metal parts imported from other systems, and access 
to full hybrid modeling capabilities. 



CollabWare Corp., Idaho 
Falls, ID, has introduced 
GS-Design, a Web-based, 
3D solids modeling sys- 
tem. The program can 
model ultra-large assem- 
blies and manage a large 
number of design config- 
urations. It features a 
three-tier architecture 
(client/server/ database ) 
and enables multiple users on geographically distributed design teams 
to work concurrently on the same project. 

The program manages revisions and configurations, and provides 
secure central storage of design data. Each user can see the state of 
the design in real time. GS-Design is available on a month-to-month 
subscription basis. 
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Electronic Components and Systems 


® Security System Based on Bragg Gratings in an Optical Fiber 

A fiber-optic key is small, rugged, and not easily duplicated. 

Ames Research Center, Moffett Field, California 


The figure schematically illustrates an 
optoelectronic security system in which 
binary information on the identity of a 
person or object is encoded in Bragg 
gratings in an optical fiber. This is not 
the first optoelectronic security system 
based on fiber-optic Bragg gratings, but 
it is the first in which such gratings con- 
stitute the basis of a key or an identifica- 
tion tag. 

The system includes a source of 
broad-band light, which is fed into one 


of three terminals of a fiber-optic cou- 
pler. From the coupler, the broad-band 
light travels along an optical fiber to a 
central passageway in a receptacle, then 
travels along the passageway and 
emerges at the apex of a conical mouth 
in the receptacle. The system includes a 
key with a conical tip that mates with the 
conical mouth of the receptacle. The 
key comprises a carrier that holds the 
optical fiber that contains the Bragg 
gratings. When the key is inserted in the 


receptacle, this optical fiber is aligned 
with, and receives broadband light from, 
the passageway in the receptacle. 

The Bragg gratings are in the form of 
periodic variations in the index of re- 
fraction along the core of the optical 
fiber in the key. The Bragg gratings are 
located at intervals along this fiber, in- 
terspersed with grating-free regions. 
Each grating has a unique spatial pe- 
riod, so that it reflects light maximally at 
a unique wavelength. As a result, when 



In This Optoelectronic Security System, binary identifying information is encoded in Bragg gratings in the optical fiber in the key or tag. 
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illuminated with broad-band light, the 
optical fiber in the key reflects light 
maximally at the wavelengths of the 
Bragg gratings; that is, the reflection 
spectrum is a series of spectral lines at 
these wavelengths. The presence or ab- 
sence of a reflection-spectrum line at a 
given wavelength can be made to signify 
a one or a zero, respecuvely, in a binary 
identification code. Thus, the Bragg 
gratings can be fabricated to encode 
identity information. 

The light reflected by the optical fiber 
in the key travels back along the route of 
the broad-band illumination to the fiber- 
opuc coupler, then from the fiber-opdc 
coupler to a decoder. The decoder con- 
tains a spectrometer, in which a diffrac- 
don grating disperses the light by wave- 
length onto a linear array of 
photodetectors. From the photodetec- 
tor outputs as a function of position 
along the array, the array circuitry de- 
termines the presence or absence of 


each spectral line of interest, and thus 
determines the corresponding binary 
digit. A control circuit compares the bi- 
nary number with a preselected binary 
number or set of numbers; if a match is 
found, then the control circuit gener- 
ates an electronic command to open a 
lock. Alternatively, the key can serve as 
an identification tag for a person or ob- 
ject, in which case the control circuit 
generates a command that activates an 
authentication display device. 

Among the advantages of this system 
are the ruggedness and compacuiess of 
the key or tag; typically, the carrier is 
made of metal and has a diameter of 
about 2 mm. The carrier portion of the 
key or tag need not be a cone-tipped 
cylinder as in the figure; alternatively, it 
could be a pen, a piece of jewelry, or any 
other convenient small object. In com- 
parison with magnetic-card keys used in 
some electronic security' systems, the key 
or tag is more easily carried and con- 


cealed, and less likely to be misplaced. 
Because of the smallness of the optical 
fiber, the key or tag cannot be dupli- 
cated easily; this feature enhances the 
degree of security. Finally, in common 
with other electronic security systems, 
this system makes it possible to tailor the 
system to accommodate multiple users, 
each of whom may have authority to 
open the same or a different set of locks 
in an installation. 

This work was done by Charles AL Gary 
and Meric Ozcan of Ames Research Cen- 
ter. For further information , access the Tech- 
nical Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 

This invention has been patented by NASA 
(U.S. Patent No. 5, 633,975). Inquiries con- 
cerning nonexclusive or exclusive license for 
its commercial development should be ad- 
dressed to the Patent Counsel Ames Research 
Center; (650) 604-5104. Refer to ARC-12092. 


Higher-Resolution Optoelectronic Shaft-Angle Encoder 

This encoder is an improved version of a related prior encoder. 

Goddard Space Flight Center, Greenbelt, Maryland 


The apparatus shown schematically in 
the figure is an optoelectronic shaft- 
angle encoder that measures absolute 
angles with high resolution. This en- 
coder is an improved version of the ap- 
paratus described in “High-Resolution 
Optoelectronic Shaft-Angle Encoder” 
(GSC-13543), Laser Tech Briefs, Vol. 2, No. 
2, (Spring, 1994), page 32. 

Like the prior encoder, this one in- 
cludes a polygonal mirror wheel affixed 
to the shaft, the angular position of 
which is to be measured. A binary- or 
Gray-code pattern on the wheel is read 
by a binary- or Gray-code reader, thereby 
indicating the shaft angle, with coarse 
resolution, to within the increment of 
angle subtended by one side of the poly- 
gon. Equivalently, the output of the bi- 
nary- or Gray-code reader identifies 
which side of the polygon lies along a 
given line of sight 

A helium/neon or other compact laser 
sends a narrow, low-divergence beam of 
monochromatic light toward the polygo- 
nal mirror wheel. One of the mirror 
facets reflects the laser beam onto a 
nearby low-line-density diffraction grat- 
ing. The light diffracted from the grating 
strikes a linear array of photodiodes at 
several spots. The outputs of the pho- 
todetectors are digitized, providing fine- 
resolution data on the distribution of 
light diffracted onto the array. These data 


are fed to a microprocessor for calcula- 
tion of the shaft angle as explained below. 

The spatial distribution of light dif- 
fracted onto the array depends on the 
wavelength of the light, the precise na- 


ture and spacing of the grating lines, and 
the geometry of all of the optical com- 
ponents. Among other things, the posi- 
tions of the diffraction spots on the array 
depend on the position and angle of in- 



The Locations of Diffraction Spots on the array of photodetectors provide a sensitive indication of the 
angle of the reflecting facet. 
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cidence of the reflected laser beam on 
the grating and these, in turn, depend 
on the angle of the facet, which depends 
on the angle of rotation of the shaft. 

The distribution of light on the array is 
thus a known function of the angle of the 
facet This function is inverted to com- 
pute the angle of rotation of the shaft, to 
fine resolution, modulo the coarse-reso- 
lution increment of angle. The coarse- 
resolution reading is then added to the 
fine-resolution angle to obtain the ab- 
solute shaft angle to fine resolution. 

As explained thus far, the apparatus 
functions similarly to the prior encoder. 
The fundamental difference lies in the 


use of a single diffraction grating sepa- 
rate from the polygonal mirror instead 
of (1) a diffraction grating mounted on 
each face of the polygonal mirror in one 
prior encoder or (2) simple polygonal 
mirror facets with no diffraction grating 
in the other prior encoder. The geomet- 
ric relationships among the optical com- 
ponents of the present apparatus result 
in approximate doubling of the number 
of diffraction orders available for mea- 
surement on the array; this provides ad- 
ditional design flexibility for doubling 
the angular resolution, or for making 
the apparatus more compact with a 
somewhat smaller increase in resolution. 


The present design also reduces the 
cost significantly. Fabrication of a 
polygonal mirror with diffraction- 
grating facets for the prior encoder is 
difficult and time consuming and 
costs as much as $20,000. In contrast, 
a separate polygonal mirror and grat- 
ing can be made in less time and with 
less difficulty, at a cost between $3,000 
and $5,000. 

This work was done by Douglas B. Leviton 
o/ Goddard Space Flight Center. For fur- 
ther information , access the Technical Sup- 
port Package (TSP) free on-line at 
wunv.nasatech.com under the Electronic 
Components and Systems category. 

This invention is owned by NASA, and a 
patent application has been filed. Inquiries 
concerning nonexclusive or exclusive license 
for its commercial development should be 
addressed to the Patent Counsel, Goddard 
Space Flight Center; (301) 286-7351. Refer 
to GSC-13611. 


® High-Power Laser 
Illuminator 

Wavelength selectivity 
enhances tracking in the 
presence of background light. 

Goddard Space Flight Center, 
Greenbelt , Maryland 

A laser illuminator system has been 
developed for use in automated track- 
ing of objects. In its original applica- 
tion, the system illuminates a 5° conical 
region expected to contain a small satel- 
lite at a distance up to 750 m from the 
space shuttle. If the satellite comes 
within this region, then a receiving op- 
toelectronic system aboard the space 
shuttle actively tracks the satellite by 
locking onto the laser illumination re- 
flected by small mirrors on the satellite. 
The laser illuminator system could be 
adapted to other outer-space and terres- 
trial applications that involve illumina- 
tion with or without tracking, or could 
be used as a beacon on a moving plat- 
form for tracking by an optoelectronic 
system located on another moving or 
stationary platform. 

The laser illuminator system is in- 
tended to replace a white light source 
that has been used for tracking. The 
white light source provides a relatively 
weak return signal, and this signal is 
readily contaminated by noise from 
background light. The laser illuminator 
system provides a stronger return signal, 
and since the laser light occupies a very 
narrow wavelength band, background 
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light can readily be filtered out to in- 
crease the signal-to-noise ratio. 

The source of light is a commercially 
available array of AlGaAs semiconductor 
laser diodes in a fiber-optic-coupled 
package. This source emits continuous- 
wave optical power of 5 W from the 
outer end of a sheathed optical fiber 1 m 
long with a core diameter of 400 pm. 
The beam as emitted from the bare 
outer end of the fiber is multimode 
(non-diffraction-limited), with nearly 
uniform intensity across a divergence of 
< 50° full width at half maximum. The 
full length of the optical fiber is used to 
ensure adequate “mode-scrambling” to 
make the intensity distribution as nearly 
uniform as possible. 

The optical fiber is flexible and can 
easily be moved to illuminate locations 
or directions that might otherwise be 
difficult to illuminate. The bare outer 
end of the fiber is covered by a commer- 
cial fiber-optic connector that has been 
modified to contain a single molded 
glass aspherical lens and a monitor pho- 
todiode. The lens reduces the diver- 


gence of the beam emitted from the 
bare fiber to narrow' the field of illumi- 
nation to the required 5° cone. This op- 
tical assembly at the outer end of the 
fiber is only 10 mm in diameter and 
therefore introduces only minimal ob- 
scuration into the telescope optics of the 
receiving optoelectronic system. 

The system consumes a total power of 
about 20 W. Active feedback control cir- 
cuitry ensures that the current to the 
laser remains constant. The laser cur- 
rent can also be adjusted manually by re- 
mote control. Additional electronic cir- 
cuitry amplifies the output of the 
monitor photodiode for remote deter- 
mination of the health of the system. 

This work was done by Donald M. Corn- 
well , Jr of Goddard Space Flight Cen- 
ter, Jimmie D. Fitzgerald of Allied Signal 
Corp., and Valerie Dutto of USRA. For fur- 
ther information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 
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Communication Controller Board for 
a Wind-Tunnel Model 

This would be a key component of a miniature, distributed, 
modular data-acquisition system. 

Langley Research Center, Hampton, Virginia 


A communication controller circuit 
for a wind-tunnel model is undergoing 
development. The circuit is intended to 
serve as part of a highly miniaturized, 
distributed, modular electronic ana- 
log/digital data-acquisition system that 
would be installed inside a wind-tunnel 
model (see Figure 1). The data-acquisi- 
tion system would include pressure, tem- 
perature, angle, shear-stress, and other 
sensors plus analog signal-conditioning 
modules in clusters of as many as eight 
sensors. The sensors and signal-condi- 
tioning modules in each cluster would 
be connected to a data-acquisition-sys- 
tem (DAS) module, which would con- 
tain additional analog signal-condition- 
ing circuits and analog-to-digital 
converters. Each DAS module, in turn, 
would be connected to the communica- 
tion controller, which would effect all 
digital control and data communica- 
tions ( 1 ) among the sensor modules and 
(2) between the sensor modules and a 
remote host computer. 

Each cluster of sensors and signal-con- 
ditioning circuits connected to a DAS 
module would constitute a sensor mod- 


ule. The sensor modules would be con- 
figured from the host computer by way 
of the communication controller. After 
data had been collected and buffered, 
the communication controller could 
send the data to the host computer via a 
fiber-opdc cable or a radio telemetry sys- 
tem. Thus, the host computer would 
have to be equipped with a fiber-optic or 
radio-telemetry interface circuitry. 

A serial bus would be installed within 
the wind-tunnel model to provide for 
communications between the sensor 
modules and the communication con- 
troller. The combination of distrib- 
uted, modular architecture and the se- 
rial bus would impart a high degree of 
flexibility, in that the number of sen- 
sors could readily and efficiently be 
changed through the addition and/or 
removal of sensor modules, with mini- 
mal changes in power- and communi- 
cation-bus wiring. Sensors and/or sen- 
sor modules could be added by 
connecting them to the internal bus, 
without need for redesigning the en- 
tire data-acquisition system. Small vol- 
umes could be carved out in places dis- 
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tributed throughout the inside of the 
model to accommodate the small mod- 
ules of the data-acquisition system, 
making it unnecessary to find a single 
internal volume large enough to hold 
the entire system. 

Thus far, a prototype communica- 
tion controller and prototype sensor 
modules have been fabricated on 
printed-circuit boards. The prototype 
communication controller (see Figure 
2) is based on a commercially available 
field-programmable gate array (FPGA) 
chip to provide for reconfigurability. In 
addition to the FPGA chip, the proto- 
type communication controller in- 
cludes a buffer random-access mem- 
ory; a nonvolatile electrically erasable, 
programmable, read-only memory that 
retains configuration information; 
drivers for internal and external com- 
munication ports; and passive compo- 
nents. Eventually, as now envisioned, 
the sensor modules and part of the 
communication controller would be 
fabricated as application-specific inte- 
grated circuits (ASICs). 

This work was done by William C. Wil- 
son of Langley Research Center. For 
further information , access the Technical 
Support Package (TSP) free on-line at 
www.nasatech.com under the Electronic 
Components and Systems category. 

L-17816 



'Balance Dynamic Data Unit/Critical- Point Analyzer (a Safety Monitor and Controller for the 
Model and Wind Tunnel) 


Figure 1. The Communication Controller would effect all digital communications among sensor modules 
and between the wind-tunnel model and the host computer in the control room. 



Figure 2. This Prototype Communication Controller includes an FPGA, integrated circuits, and some discrete components on a printed-circuit board. In 
planned further development, further miniaturization would be achieved by fabricating part of the communication controller as an ASIC. 
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9 Software for Simulating Progressive Fracture in Braided PMCs 

Simulations provide guidance to increase efficiency of design and testing efforts. 

John H. Glenn Research Center, Cleveland, Ohio 


GENOA-PFA is a commercial version of 
the Composite Durability Structural Analy- 
sis (CODSTRAN) computer program, 
which simulates the progression of damage 
ultimately leading to fracture in polymer- 
matrix composite (PMC) material struc- 
tures under various loading and environ- 
mental conditions. GENOA-PFA offers a 
number of capabilities beyond those of pro- 
grams developed previously for the same 
purpose; these capabilities make GENOA- 
PFA preferable for use in analyzing the 
durability and damage tolerance of com- 
plex PMC structures in which the fiber re- 
inforcement s are in the forms of two- and 
even three-dimensional weaves and braids. 

GENOA-PFA implements a progres- 
sive-fracture methodology, the basic con- 
cept of which is that a structure fails when 
flaws that may initially be small (even mi- 
croscopic) grow and/or coalesce to a crit- 
ical dimension such that the structure no 
longer has an adequate safety margin to 
avoid catastrophic global fracture. Dam- 
age is considered to progress through five 
stages: (1) initiation, (2) growth, (3) ac- 
cumulation (coalescence of propagating 
flaws), (4) stable propagation (up to the 
critical dimension), and (5) unstable or 
very rapid propagation (beyond the criti- 
cal dimension) to catastrophic failure. 
The computational simulation of pro- 
gressive failure involves formal proce- 
dures for identifying the five different 
stages of damage, quantifying the 
amount of damage at each stage, and re- 
lating the amount of damage at each 
stage to the overall behavior of the dete- 
riorating structure. 

In GENOA-PFA, mathematical modeling 
of the physics of a PMC involves an integra- 
tion of simulations at multiple, hierarchical 
scales ranging from macroscopic (lamina, 
laminate, and structure) to microscopic 
(fiber, matrix, and fiber/ matrix interface) 
[see figure]. GENOA-PFA includes algo- 
rithms needed for simulating the progres- 
sion of damage from various source defects; 
examples include (1) through-th e-thickness 
cracks, and (2) voids with edge, pocket, in- 
ternal, or mixed-mode delaminations. 

The elements of a GENOA-PFA simu- 
lation include the following: 

• Ply-layering methodology utilizing fi- 


nite-element analysis with through- 
the-thickness representation; 

• Simulation of effects, on global sta- 
tic- and cyclic-fatigue strengths, of 
material defects and conditions, 
which can include voids, fiber wari- 
ness, and residual stresses; 

• Inclusion of nonlinearities of mate- 
rials through periodic updating of 
material-property' parameters and 
inclusion of geometrical nonlineari- 
ties through Lagrangian updating; 

• Simulation of the initiation and 
growth of cracks to failure under sta- 
tic, cyclic, creep, and impact loads; 

• Progressive-fracture analysis to de- 
termine durability and damage tol- 
erance; 

• Identification of the fractional con- 
tributions of various possible com- 
posite failure modes involved in crit- 
ical damage events; and 


• Determining sensitivities of failure 
modes to such design parameters as 
fiber volume fractions, ply thick- 
nesses, fiber orientations, and thick- 
nesses of adhesive bonds. 

GENOA-PFA can be used to investigate 
the deterioration of two- or three-dimen- 
sional PMC structures subjected to static, 
cyclic (fatigue), creep, and impact loading 
in hygrothermal environments. The use of 
GENOA-PFA can be expected to facilitate 
targeting of changes in design parameters 
for greatest effectiveness in reducing the 
probabilities of given failure modes. 

This work was done by Frank Abdi of 
Alpha Star Corp. and Levon Minnetyan of 
Clarkson University for Glenn Research 
Center. For further information , access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Software 
category. 
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GENOA-PFA is a parallel-processing program for analysis of PMC structures. Simulations at macro- 
scopic and microscopic scales are integrated to predict the overall degradation of a structure under 
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$ Molecular-Sieve Type 3A 

This clay-based material removes trace water and iron from nitrogen 
tetroxide/nitric oxide mixtures. 


Lyndon B. Johnson Space Center, Houston, Texas 


The term “Molecular-Sieve Type 3A" 
denotes a clay-based, zeolite material 
that revolutionizes a fluid-purification 
process by removing trace water and iron 
from nitrogen tetroxide/nitric oxide 
(MON-3) mixtures used as oxidizer com- 
ponents of spacecraft propellants. Older 
processes of this type removed only water 
or iron effectively, but never both. Be- 
cause contamination of nitrogen tetrox- 
ide by trace amounts of water elevates 
the corrosion level of spacecraft hard- 
ware, the reduction of such contamina- 
tion decreases the cost of facility mainte- 
nance and increases propellant-storage 
time. Consequent further benefits in- 
clude increases in the usable lifetimes of 
rocket engines, flight components, deep- 


space probes, and satellites, along with 
reductions in their failure rates. All this is 
achieved by a process that involves the 
use of a revolutionary material and that 
supplants less-effecuve, energy-intensive 
distillation process. 

In the past, trace amounts of water were 
distilled from MON-3 mixtures. While dis- 
tillation effectively removes iron, it re- 
moves trace water only poorly. Applica- 
tions that involve two types of molecular 
sieves remove water but remove iron only 
poorly, thus excessively increasing system 
temperatures — something Molecular- 
Sieve Type 3A never does. Only Molecu- 
lar-Sieve Type 3A can remove both water 
and iron equally well, and without any 
deleterious side effects. 


Molecular-Sieve Type 3A is a zeolite 
material with a nominal pore size of 3 A. 
Zeolites are used in many industrial ap- 
plications because they can selectively 
remove chemicals from fluid systems on 
the basis of molecular sizes. Water and 
iron, with molecular diameters less than 
3 A, are adsorbed by Molecular-Sieve 
Type 3A. But because MON-3 molecules 
are larger than those of either water or 
iron, MON-3 is not adsorbed by Molecu- 
lar-Sieve Type 3A. 

In the U.S. space program, water and 
iron must be removed from MON-3 mix- 
tures to reduce the risk of failure of pri- 
mary reaction control system (PROS) 
valves in the space shuttle. Molecular- 
Sieve Type 3A does this completely, with- 
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out deteriorating and without polluting 
the nitrogen tetroxide. Reduction of the 
amount of water in MON-3 reduces cor- 
rosion; reduced corrosion rates reduce 
PROS failures. Not only do reduced cor- 
rosion rates increase the usable lifetimes 
of the space shuttle PROS valves; they also 
increase the usable lifetimes of rocket en- 
gines, flight components, deep-space 
probes, and satellites while reducing fail- 
ure rates. All of this naturally leads to sig- 
nificant reductions of costs. 

Significant cost savings are already 
being realized at Kennedy Space Center, 
White Sands Test Facility, and Vanden- 
berg .Air Force Base, where Molecular- 


Sieve Type 3A is in use. This revolution- 
ary molecular-sieve material could also 
be put to use by the manufacturer of 
MON-3 oxidizers to satisfy' procurement 
specificauons; moreover, it could be 
transferred to a commercial line in its 
existing form, or with minor modifica- 
tion, for use in removing impurities 
from other industrial fluids. 

Molecular-Sieve Type 3A embodies a 
major improvement of the state of the 
art. Production of highly purified MON- 
3 would increase orbital times for satel- 
lites and deep-space probes. Reduction 
of system weights owing to better protec- 
tion against corrosion would increase 


payloads and profits. The largest single 
benefit that can be attributed to the use 
of Molecular-Sieve Type 3 A is reduction 
of corrosion with consequent increases 
in reliability of affected systems. Not 
only will increased reliability signifi- 
cantly affect the U.S. space program, but 
its effects will be felt in other govern- 
ment industries and in the commercial 
world as well — indeed, in any industry 
in which MON-3 oxidizers are used and 
system reliability is important. 

This u*ork u>as done by Ari Ben Swartz and 
Louis A. Dee of the Rockwell Space Operations 
Company /or Johnson Space Center. 
MSC-22763 


# Composite Graphite Anodes Containing Cyclic Ether Additives 

Lithium-ion cells can be made more rechargeable. 

Lyndon B. Johnson Space Center, Houston, Texas 


Scientists have developed a type of 
composite graphite anode that will ben- 
efit the U.S. space program and private 
industry by increasing the rechargeabil- 
ity of lithium-ion batteries. Recharge- 
able lithium-ion batteries, which are 
used on the space shuttle and Space Sta- 
tion, are also used in laptop computers, 


portable telephones, and other portable 
electronic devices. 

The chemistry of lithium-ion batteries 
differs from the chemistries of other types 
of batteries. The development of the pres- 
ent composite graphite anode addresses 
one aspect of this chemistry: In a typical 
lithium-ion cell, a graphite anode is part 


of a composite that also includes a solid 
polymer electrolyte of composition [poly- 
acrylonitrile (PAN) -ethylene carbonate 
(EC)]/ [propylene carbonate (PC)- 
LiPF 6 ] . Reduction of PC on graphite oc- 
curs at a potential of about 0.8 V versus 
LiVLi, whereas intercalation of Li into 
graphite takes place at potentials between 



CO2 Laser Marking Solutions 


Low cost, easy-to-integrate 
laser technology for OEMs and 
Systems Integrators 


Synrad has made it 

easier than ever to incor- 
porate C0 2 lasers into 
industrial marking systems 
with a full range of laser 
marking components that 
are flexible, easy to inte- 
grate, and affordable. 

In fact, Synrad offers all 
the components you’ll 
need to assemble a com- 
plete laser marking system 
(you supply only a PC)- 
including the software! 


C0 2 lasers can be 
used to mark a wide range 
of materials - and, lasers 
offer a number of benefits 
over other marking tech- 
nologies, including less 
maintenance and higher 
throughput. 


To find out more about 
Synrad C0 2 laser marking, 
call 1-800-SYNRAD1 
today! 


SYNRAD 


) Software 

For More Information Circle No. 419 


An Excel Technology Company 




0.1 and 0.0 V versus Li'/Li. When, as a result, the PC becomes ex* 
tensively reduced, there remains little reversible capacity for in- 
tercalation of lithium; in other words, the cell loses capacity for 
recharging. 

The scientists found that by adding cyclic ethers to graphite- 
electrode/[ (PAN-EC) /(PC-LiPF 6 ) solid electrolyte] composites, 
they were able to mitigate the reduction of PC, thereby preserv- 
ing high capacities for reversible intercalation of lithium into the 
graphite electrodes. Through their design of the composite 
graphite anode, these scientists achieved a reversible capacity of 
close to 1 mole of lithium per six moles of carbon — a remark- 
able degree of reversibility. 

Reversible composite graphite anodes based on this concept 
can be expected to prove beneficial to the U.S. space program 
and, indeed, to any commercial venture in which rechargeable 
lithium-ion batteries are used. While rechargeable batteries 
based on other chemistries are already available, rechargeable 
lithium-ion batteries fill a unique niche and are highly mar- 
ketable. The development of highly rechargeable composite 
graphite anodes could contribute significandy to success in the 
future development of portable electronic devices and of systems 
in which those devices are used. 

This work was done by Zhiping Jiang, Kuzhikalail Abraham, 
and Mohamed Alamgir of ETC Laboratories, Inc., for Johnson 
Space Center. For further information, access the Technical Sup- 
port Package (TSP) free on-line at www.nasatech.com under the 
Materials category. 

In accordance with Public Law 96-51 7, the contractor has elected to re- 
tain title to this invention. Inquiries concerning rights for its commercial 
use should be addressed to 

Zhipingjiang 

EIC Laboratories 

111 Downey Street 

Norwood, MA 02062 

Refer to MSC-22789, volume and number of this NASA Tech Briefs 
issue, and the page number. 


9 Polypyrrole and Polyaniline 
Doped With Lignosulfonic Acid 

John F. Kennedy Space Center, Florida 

Experiments have shown that electrically conducdve poly- 
mers with water-soluble fractions can be synthesized by poly- 
merization of pyrrole or aniline in the presence of lignosul- 
fonic acid, which is a polymeric acid that can be derived 
relatively easily from the spent sulfite liquor byproducts ob- 
tained from processing of wood pulp into paper. In these syn- 
theses, the lignosulfonic acid serves as both a dopant and a 
template for polymerization. Like other lignin derivatives, lig- 
nosulfonic acid can be photochemicallv and thermally cross- 
linked. The electrical con due uvi ties of the polymers range 
from 10"* to 10 -5 S-cirr 1 . The combination of electrical con- 
ductivity, water-solubility, and cross-linkability provides addi- 
tional versatility for the development of electrically conduc- 
tive polymers for such applications as antistatic coating of 
fabrics and shielding electronic equipment against electro- 
magnetic interference. 

This work was done by Tito Viswanathan of the University of Arkansas 
at Little Rock for Kennedy Space Center. This invention is owned by 
NASA, and a patent application has been filed. Inquiries concerning 
nonexclusive or exclusive license for its commercial development should be 
addressed to the Patent Counsel, Kennedy Space Center, (407) 867-6225. 
Refer to KSG1 1940. 
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© Leak-Free Pressurizing Valve 

This one-time-opening valve would be an alternative to a pyrotechnically actuated valve. 

Lyndon B. Johnson Space Center, Houston , Texas 


A leak-free valve has been proposed as 
a more reliable, less expensive, adapt- 
able alternative to a one-time-opening, 
pyrotechnically actuated valve (py- 
rovalve). In the original intended appli- 
cation, the pyrovalve serves, before it is 
actuated, to isolate a pressurant gas (he- 
lium) from a propellant fluid aboard a 


spacecraft. Like a typical pyrovalve, the 
proposed valve would be triggered elec- 
trically, but unlike in the case of a py- 
rovalve, no pyrotechnic material would 
be present; all of the actuation energy’ 
would be supplied electrically and none 
pyrotechnically. Consequently, there 
would be no risk of premature detona- 


tion or of contamination of the pressur- 
ant gas by combustion products. 

Because the proposed valve would not 
contain any pyrotechnic material, it 
would have an essentially unlimited stor- 
age life. The valve would be small, light- 
weight, and resistant to shock. It would 
be invulnerable to detonation by inter- 
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nal discharge of static electricity, even if 
its wires were not short-circuited. It 
would have no moving parts, and could 
be designed to operate for a wide range 
of pressures. Unlike a pyrovalve, the pro- 
posed valve could be triggered multiple 
times in the event it failed to open on 
the first try. The design of this valve 
could be adapted to non-aerospace uses 
in systems in which there are require- 
ments for highly reliable, one-time- 
opening valves; examples include fire- 
suppression systems, emergency power 
units for aircraft, and emergency cool- 
ing systems. 

The valve (see figure) would contain a 
cascade of three rupture disks welded in 


place. The use of industry-standard 
welded, domed rupture disks would en- 
sure leak-free operation. During assem- 
bly, chambers A and B sealed by the 
disks would be filled with the pressurant 
gas (helium in the original application) 
at different pressures. Chamber A would 
be filled to the same pressure as that of 
the pressurant tank. Chamber B would 
be filled to a lower pressure equal to that 
in the propellant tank. Prior to actua- 
tion of the valve, there would be no dif- 
ference in pressure across rupture disks 
1 and 3, but there would be a pressure 
difference across rupture disk 2. 

Chamber A would contain an electri- 
cal heating element mounted on a leak- 


free electrical feedthrough [the particu- 
lar feedthrough would be the n on-py- 
rotechnic part of a pyrotechnic device 
called a “NASA standard initiator” 
(NSI)]. Actuation would be effected by 
applying electric current from a bank of 
capacitors to the heating element, caus- 
ing the helium in chamber A to become 
heated and thereby causing its pressure 
to increase. Chamber A would be made 
small enough that the available electri- 
cal energy would be sufficient to heat 
and thus pressurize the gas to a level suf- 
ficient to burst disk 2; this level would lie 
at a pressure difference between 20 and 
50 percent above the storage pressure 
difference across disk 2. 

The expansion of gas immediately fol- 
lowing the bursting of disk 2 would 
cause the pressure in chamber A to fall 
rapidly to value almost as low as that of 
the propellant tank. The expansion 
would also cool the gas and thus the 
heating element. This action would give 
rise to a large difference of pressure 
across disk 1, thereby causing disk 1 to 
burst. The resulting inrush of pressurant 
gas into chambers A and B would fur- 
ther cool the heating element and 
would give rise to a large difference in 
pressure across disk 3, thereby causing 
disk 3 to burst. The bursting of disk 3 
would remove the last barrier, allowing 
die pressurant gas to flow to the propel- 
lant tank. The flow of pressurant gas 
would also complete the cooling of the 
heating element. 

This work was done by Douglas G. Dobbin 
of Rockwell Space Operations Co. and Larry J. 
Bamford of Allied Signal Technical Services Co. 
for Johnson Space Center. For further infor- 
mation, access the Technical Support Package 
(TSP) free on-line at www.nasatech. 
com under the Mechanics category. 
MSC-22726 


©Afterbody Cushions 
for Instrumented 
Penetrator 
Projectiles 

Impacts would be softened 
by miniature versions of 
automotive airbags. 

NASA’s Jet Propulsion Laboratory, 
Pasadena, California 

Pneumatic cushions have been pro- 
posed for protecting the afterbodies of 
two-body instrumented soil-penetrator 
projectiles. These cushions would be, 
essentially, doughnut-shaped miniature 
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The Airbag Would Be Inflated milliseconds before impact, to reduce the magnitude of deceleration of the afterbody. 


versions of automotive airbags, designed for rapid inflation 
upon impact. 

The concept of the two-body instrumented soil-penetrator 
projectile was described in “Penetrator Projectile Tolerates 
Some Misalignment” (NPO-20295) NASA Tech Briefs , Vol. 22, 
No. 10 (October 1998), page 74. To recapitulate: In the orig- 
inal intended application, the projectile would be launched 
from a spacecraft to impinge on Mars, where it would sample 
the soil. The design of the projectile might also be adaptable 
to sampling materials in sand, soil, mud, snow, or ice in hos- 
tile or inaccessible environments on Earth. The two bodies 
of the penetrator would be (1) a forebody that would con- 
tain instrumentation and machinery needed to penetrate 
the ground and (2) an afterbody that would contain batter- 
ies, radio-communication circuitry, and those sensors that 
must not penetrate the ground. Prior to impact, the fore- 
body would be stowed in a longitudinal cylindrical recess in 
the afterbody. Upon impact, a flange on the bottom of the af- 
terbody would become braked upon contact with the 
ground. As the afterbody decelerated, the forebody would 
slide out of the recess, penetrating the ground underneath 
the afterbody. The forebody and afterbody would remain 
connected by a flexible cable that would pay out from the 
forebody during impact. 

The forces generated by the expected deceleration 
(80,000 times normal Earth gravitational acceleration) 
could damage instrument components in the afterbody. 
The proposed scheme for pneumatic cushioning is in- 
tended to reduce the decelerauon to a safe level. The 
scheme could be implemented with little modification of 
the basic penetrator design (see figure); one need only add 
the airbag with its inflation device and electronic inflation- 
triggering circuit. 
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The scheme would utilize the following features of the 
original penetrator design and operation: During descent 
through the atmosphere, the forebody/afterbody assembly 
would be protected by an aeroshell, which would be shat- 
tered by the impact on the ground. A crash accelerometer 
would detect the impact of the aeroshell, which would occur 
only milliseconds before the impact of the forebody. 

The output of the crash accelerometer would be fed to 
the inflation-triggering circuit, so that inflation could be ac- 
complished during the short interval before impact of the 
forebody on the ground. At full inflation, the outer diame- 
ter of the doughnut-shaped bag would exceed the outer di- 
ameter of the afterbody. The inflated bag would hug the 
lower portion of the afterbody, cushioning the afterbody 
upon impact. The central hole of the bag would be large 
enough to let the forebody pass through on impact as in the 
original design. 

The bag would be made of a fabric or combination of fab- 
rics so that immediately after inflation, the bag would start 
to deflate through its pores. Optionally, vents could be 
added to increase the rate of deflation. Typically, deflation 
would be completed in less than 1 second. The design of 
the airbag would be optimized to provide the desired pro- 
tection for the specific penetrator-probe design and opera- 
tional environment. 

This work was done by Julian Blosiu and Fotios Deligiannis of 
Caltech for NASA’s Jet Propulsion Laboratory. For further in- 
formation , access the Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Mechanics category. 
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©Ultrasonic Measurement of 
Bending of Bolts 

Ultrasonic measurements are superior to 
strain-gauge measurements. 

Lyndon B. Johnson Space Center, Houston, Texas 

Work performed at Johnson Space Center has brought 
about a major improvement in the means for measuring the 
bending that occurs whenever stress is applied to a bolted 
joint. This major improvement is a measurement method 
based on ultrasonics. The strain gauges used heretofore in 
the space program in efforts to measure bending loads or de- 
formations in bolted joints have proven inadequate, in that 
it has been difficult to perform accurate measurements by 
use of them. The art of ultrasonics offers an alternative and 
superior means of performing such measurements; as such, 
it can be expected to contribute to cost savings and increased 
safety, not only in the space program but also in military and 
commercial applications — wherever there are stressed 
bolted joints that could pose bending hazards. The ability to 
measure stresses in joints accurately can be expected to con- 
tribute to understanding the mechanisms that produce stress 
failures in critical joints and thereby contribute to the suc- 
cess of efforts to design safeguards that will lower risks to 
both vehicles and personnel. 

In the present method, an ultrasonic transducer is 
bonded to one end (normally, the head end) of the bolt of 
interest. The other end (normally, the tip of the threaded 
shank) is modified to a stepped end; that is, one machines 
that end to form sector-of-circle facets (steps) perpendicu- 
lar to the longitudinal axis, each located at a different axial 


62 


For More Information Circle No. 424 


NASA Tech Briefs, March 2000 





An Ultrasonic Pulse Is Reflected from the steps at different times. The 
pulse travel times change when the bolt is bent, and can be processed to 
determine the bending load. 


position (see figure). The transducer generates an ultra- 
sonic pulse, which travels to and is reflected by the steps. 
The reflection from each step becomes a separate pulse, 
each of which returns to the transducer at a different time, 
depending on the position of the step and thus the effective 
ultrasonic path length. The reflected pulses received by the 
transducer are converted to electronic signals, which arc 
processed by associated instrumentation to obtain a time 
trace of the ultrasonic signal and to extract information on 
the liming of the reflections. 

When the bolt is subjected to bending, there occur geom- 
etry- and stress-related changes in the effective speed of 
sound and path lengths for reflections from some or all of 
the steps. These changes give rise to changes in pulse travel 
times. In the processing of the ultrasonic signals, the 
changes in pulse travel times arc used to compute an ultra- 
sonic bending parameter, which can be used to calculate the 
bending deflection and/or load. The proportionality be- 
tween the bending parameter and the bending deflection 
and/or load is obtained by correlating various values of the 
ultrasonic bending parameter with known bending loads ap- 
plied in calibration measurements. 

This work was done by Ajay M. Koshti of Rockwell International 
for Johnson Space Center. For further information , access the 
Technical Support Package (TSP) free on-line at unmv.nasatech. 
com under the Mechanics category. 
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Fabrication 


S Improvements in Rapid Prototyping 

Molecular structures would be tailored to obtain superior 
structural properties. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 
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Several improvements have been pro- 
posed for the fabrication process known 
as “rapid prototyping.” In this process, a 
model or prototype of a solid object is 
built up by controlled ejection of mol- 
ten polymeric material through pro- 
grammed orifices to form patterned lay- 
ers. The second layer is deposited on top 
of the first layer, the third layer is de- 
posited on top of the second layer, and so 
forth, until the stack of layers reaches the 
desired final thickness and shape. 

In rapid prototyping according to cur- 
rent practice, the polymeric material is 
one that has low molecular weight, little 
or no cross linking, and few (if any) ac- 
tive functional groups in its molecular 
structure. Such a material is used be- 
cause (1) it lends itself readily to melting 
and solidification over a narrow temper- 
ature range and (2) when molten, it has 
a relatively low viscosity that makes it 
amenable to passage through small ori- 
fices. The disadvantage of such a mater- 
ial is that the low molecular weight and 
absence of cross linking result in a model 
that has very litde strength; this charac- 
teristic limits the utility of models fabri- 
cated by rapid prototyping. 

The first proposed improvement 
would be the addition of photoactive 
functional groups to the polymer. The 
second proposed improvement — a 
concomitant of the first — would be 
provision of a radiant source to blanket 
the model with ultraviolet light to acti- 
vate the photoactive functional groups. 
The photoactive functional groups and 
their locations in the molecular struc- 
ture of the polymer would be chosen so 
that upon exposure to ultraviolet light 
of selected wavelengths, the molecular 
structure would become lengthened 
and cross-linked in such ways as to im- 
part greater strength and other struc- 
tural benefits. 

In rapid prototyping incorporating 
the first and second improvements, each 
layer of the photoactive-modified poly- 
mer would be printed in the same man- 
ner as in current practice. However, 
prior to deposition of the next layer, 
each layer would be exposed to the ul- 

www.nasatech.com 


traviolet illumination to obtain a higher- 
molecular-weight, cross-linked molecular 
structure. Subsequent layers would be 
treated similarly, so that the completed 
solid model would be stronger and more 
useful, in comparison with the corre- 
sponding model fabricated by conven- 
tional rapid prototyping. 

The first and second improvements 
would offer other advantages in addition 
to increased strength and utility of mod- 
els. One advantage pertains to molecular 
weight: In a typical instance of current 
practice, the molecular weight is a com- 
promise between (a) one that is large 
enough that the polymer has at least 
minimum acceptable hardness and 
strength and (b) one that is small 
enough that when the polymer is 
molten, its viscosity is small enough to 
allow ejection through small orifices. Be- 
cause the desired high molecular weight 
could be obtained in the photoactivation 
step, the proposed first and second im- 
provements would make it possible to 
start with a base polymer of lower molec- 
ular weight and thus lower viscosity; this, 
in turn, would make it possible to use 
smaller ejecting orifices, thereby improv- 
ing the reliability and increasing the level 
of detail achievable in the deposition of 
each layer. 

Another improvement — also made 
possible by the first and second improve- 
ments — would be the addition of non- 
reactive plasticizers and/or solvents to 
the base polymer. Solvents could be used 
to enhance ejection. Solvents could be 
removed by heating each layer immedi- 
ately after deposition and before expos- 
ing it to ultraviolet light. Plasticizers 
could be used, along with suitable 
amounts of molecular lengthening and 
cross linking, to tailor the mechanical 
properties of the finished model. 

This work was done by Frank Hartley 
and Steve Bolin of Caltech for NASA’s Jet 
Propulsion Laboratory. For further infor- 
mation , access the Technical Support Pack- 
age (TSP) free on-line at www.nasatech. 
com under the Manufacturing/Fabrication 
category . 
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@ Efficient Ionizer for an Array of Mass Spectrometers 

Electron- and ion-beam optics are designed to maximize generation and extraction of ions. 

NASA ’s Jet Propulsion Laboratory, Pasadena, California 


An electron-beam ionizer has been de- 
signed to deliver ions to the entrance 
apertures of nine miniature quadrupole 
mass spectrometers in an array. A similar 
electron-beam ionizer could also be de- 
signed for an array of more or fewer mass 
spectrometers. Principal issues that had to 
be addressed in formulating the design 
were (1) generation of a collimated, suit- 
ably dimensioned electron beam that 
passes near all the entrance apertures so 
that ions are generated for each aperture 
at a sufficient rate; (2) application of suit- 
able extraction potentials to nearby, suit- 
ably configured electrodes so that a large 
flux of ions can be extracted from the 
electron-beam region wherein the analyte 
is ionized; and (3) choosing a configura- 
tion and potentials for a system of electro- 
static lenses (that is, assemblies of elec- 
trodes and apertures) to transport and 
focus the extracted ions into beams of de- 
sired diameters and kinetic energies that 
impinge on the entrance apertures of the 
mass spectrometers at the desired angles. 


The design process began with the initial 
choice of an ionizer geometry compatible 
with the input-beam requirements and 
other aspects of the design of the miniature 
mass-spectrometer array, and with regard 
to the locations of such fixtures as 
grounded screws, nuts, and posts. A com- 
mercial software package was then used to 
compute the performance of the ionizer 
and iterate upon the design. The computa- 
tional modeling invoked taking account of 
phenomena that are difficult to visualize, 
including electron space charge, the effect 
of the space charge on ion trajectories, and 
effects of electrostatic fringing fields. 

The final design reached after iteration 
provides for a space-charge-limited elec- 
tron beam that passes near all the spec- 
trometer entrance apertures, optimal ex- 
traction of ions via penetration of the 
electric fields of the electrostatic lenses 
into the electron-beam ionization region, 
and optimal focusing of the extracted ions 
by the electrostatic lenses, which are ar- 
rayed in a compact system. 


The figure presents a cross section of 
the ionizer in a plane that contains two of 
the spectrometer entrance apertures. 
Electrons are emitted from the cathode, 
which is a straight wire perpendicular to 
the page. The two shim plates help to col- 
limate the emitted electrons into a ribbon 
beam. The beam passes through a colli- 
sion volume (the ionization region) and 
makes its exit to the left. Within the colli- 
sion volume, the electron beam knocks 
electrons off analyte molecules, which 
thereby become positive ions. 

Two electric fields act together to ex- 
tract ions from the collision volume into 
the electrostatic lenses above the colli- 
sion volume. One of these electric fields 
is that generated by the repeller plate at 
the bottom. The other field is the one 
that is generated by the lowermost elec- 
trostatic-lens electrode and that pene- 
trates the collision volume via the elec- 
trostatic-lens entrance apertures. The 
electrostatic lenses focus the extracted 
ions into beams that impinge on the 
mass-spectrometer entrance 
apertures with the desired char- 
acteristics as described above. 
The focusing action occurs over 
a range of nascent ion trajecto- 
ries and energies in the colli- 
sion volume. 

This work was done by Ara 
Chutjian , Murray Darrach, and 
Otto Orient of Caltech for NASA’s 
Jet Propulsion Laboratory. For 
further information , access the Tech- 
nical Support Package (TSP) free on- 
line at www.nasatech.com under the 
Physical Sciences category. 

In accordance with Public Law 
96-517 the contractor has elected to 
retain title to this invention. In- 
quiries concerning rights for its com- 
mercial use should be addressed to: 
Technology Reporting Office , fPL, 
Mail Stop 122-116, 4800 Oak 
Grove Drive, Pasadena, CA 91109. 
(818) 354-2240 

Refer to NPO-20252, volume 
and number of this NASA Tech 
Briefs issue, and the page number 


Entrance Apertures of Quadruple Mass Spectrometers 
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The Electron-Beam Ionizer is integrated with electrodes for extraction of ions and focusing the ions into beams 
that impinge on the entrance apertures of quadrupole mass spectrometers. 
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Analyzing Rocket Exhaust by Atomic-Absorption Spectroscopy 

To save time and money, instrumentation was assembled from commercially available parts. 

Stennis Space Center, Mississippi 


A computer-controlled instrumenta- 
tion system has been developed for use 
in measuring concentrations of various 
atomic species in the exhaust gases of a 
space-shutde main engine on a test 
stand. The system is based on estab- 
lished techniques of atomic-absorption 
spectroscopy (AAS). Although the de- 
sign of the system is specific to this 
rocket-engine-testing application, it may 


be adaptable to other applications that 
involve similar geometry, physical condi- 
tions, and chemical constituents of flow- 
ing gases. 

To save time and money, the system 
was constructed largely from commer- 
cial equipment used previously in 
atomic-emission spectroscopy (AES). 
(The reason for choosing AAS instead of 
AES is that under the flow conditions in 


the specific application, the tempera- 
tures are too low to obtain adequate op- 
tical emission from the atomic species of 
interest.) 

The elements Cr, Fe, Ni, Co, Cu, and 
Ag are introduced into the rocket ex- 
haust through wear/erosion of the en- 
gine. The system schematic includes a 
source probe that generates an optical 
emission spectrum characteristic of the 



Exhaust Plume 


This Instrumentation System measures the absorption spectrum of rocket-engine exhaust to determine concentrations of atoms eroded from the engine. 
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atomic species expected to be entrained 
in the rocket exhaust. The source probe 
contains a multielement hollow-cathode 
lamp containing the above elements 
plus neon as a fill gas and a collimating 
lens. Unlike traditional AAS systems, 
which chop the source signal to enable 
correction for background fluctuations 
and attenuation, the Stennis system ra- 
tios absorbing to nonabsorbing spectral 
lines. This method allows data to be con- 
tinuously acquired and displayed. 

The source probe is aligned so that 
the optical signal passes through the 


center line of the exhaust plume down- 
stream from the rocket-engine nozzle 
where it is collected by the receiver 
probe. As the beam passes through the 
exhaust plume, metallic contaminants 
in the plume will alter the transmitted 
spectrum by absorbing light at specific 
wavelengths inherent to each atomic 
species of interest. The receiver probe 
collects the resulting signal, where in- 
ternal optics transfer the signal to an 
optical fiber. The optical fiber trans- 
mits the signal to the detector/ spec- 
trometer assembly, where the signal is 


both dispersed into its component 
wavelengths and the signal levels are 
measured. An optical multichannel an- 
alyzer reads the data from the detector 
and sends the raw data to a remote 
computer for processing and near-real- 
time display. 

This u>ork was done by Gregory P. McVay 
of Lockheed Martin for Stennis Space Cen- 
ter. For further information , access the Tech- 
nical Support Package (TSP) free on-line at 
urwuinasatech.com under the Physical Sci- 
ences category. 
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©Adjustable Optics for Spectral Analysis of Rocket Exhaust 

Source and receiver probes are aimed along a common line of sight. 

Stennis Space Center, Mississippi 


The figure presents additional informa- 
tion on the optics of the atomic-absorp- 
tion-spectroscopy (AAS) system described 
in the preceding article. The optics in- 
clude (1) a periscopic optical subsystem 
for access to a measurement optical axis 
in a plane different from that of the input 
and output optical axes and (2) mechani- 
cal and optoelectronic features for align- 
ing the input and output optics. 


To recapitulate: the AAS system in- 
cludes a source probe that contains a 
lamp plus collimating optics, and a re- 
ceiver probe that contains collecdon op- 
tics. To make it possible to perform ab- 
sorption spectral analysis, it is necessary 
to align the source and receiver probes 
so that the axis of the optical signal from 
the source probe coincides with the op- 
tical axis of the receiver probe. 


Because of design considerations spe- 
cific to the original rocket-engine-testing 
application, the source and receiver 
probe bodies must be mounted on a 
plane that coincides approximately with 
the exit plane of the rocket-engine noz- 
zle, while the optical axis for the absorp- 
tion measurements must lie in a plane 4 
in. (=10 cm) downstream from the exit 
plane. The source probe, which requires 
a large aperture to accommodate the 
spectral lamp, uses a two-mirror 
periscopic assembly to produce the re- 
quired downstream offset. The receiver 
probe uses an optical fiber to produce 
the offset. 

Since the environment inside the dif- 
fuser is a vacuum, the point where each 
probe penetrates the diffuser must pro- 
side both a seal and serve as the primary 
mount for the probes. Directional ad- 
justments of the probes pivot at these 
points and are mechanically limited an- 
gular adjustments of 15° in the horizon- 
tal plane and 3° in the vertical plane. 
The ideal optical axis would be a line be- 
tween the two pivot points displaced 
downward 4 in. (=10 cm). However, me- 
chanical obstructions in the diffuser 
make this difficult. To compensate, a 
locking, sealed gimbal mount that 
houses the receiver opucs and optical 
fiber interface is attached to the input 
end of the receiver probe. The gimbal, 
which allows a 30° angular adjustment in 
any direction, allows the alignment of 
the optical axis of the receiver to be in- 
dependent of the orientation of the re- 
ceiver body. 

Adjustment is performed in two 
stages. In the first stage, the probes are 
adjusted until the beam of light from the 
source probe illuminates the face of the 
gimbal locking cap. In the second stage, 
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PARTS OF RECEIVER PROBE AND LOCKING BALL JOINT ASSEMBLED 


The Source and Receiver Probes Are Aligned by use of several mechanisms, one of which is the lock- 
ing ball joint on the receiver probe, shown in the detail view. 
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a laser is operated in a back-lighting arrangement to generate 
a beam of light that emerges from the input aperture of, and 
marks the optical axis of, the receiver probe; the receiver 
probe is adjusted until the laser beam enters the aperture of 
the source probe. 

The principal innovative feature of the system is the locking 
ball joint in the receiver probe. For a previous version of the 
system, which did not include the ball joint, it was necessary to 
alternately adjust and secure one probe and then the other, re- 
peatedly, in an iterative cycle necessitated by dependence of 
the target alignment angles of each probe on the adjustment 
of the other probe. The locking ball joint reduces this depen- 
dence and thereby aids the alignment process. 

This work was done by Gregory P. McVay of Lockheed Martin for 
Stennis Space Center. For further information , access the Technical 
Support Package (TSP) free on-line at www.nasatedx.com under the 
Physical Sciences category. SSC-00066 


Thickness-Independent Ultra- 
sonic Characterization of Tubes 

This single-transducer technique was 
previously applied to plates only. 

John H. Glenn Research Center, Cleveland, Ohio 

A technique for ultrasonic characterization of plates has been 
extended to tubes and curved structures in general. In this tech- 
nique, as explained in more detail below, one performs mea- 
surements that yield a thickness-independent value of local 
through-the-thickness speed of sound in a specimen. From such 
measurements at numerous locations across the specimen, one 
can construct a map of velocity as a function of location. The 
gradients of velocity indicated by such a map indicate through- 
the-thickness-averaged microstructural parameters that affect 
the speed of sound. Such parameters include the pore volume 
fraction, mass density, fiber volume fraction (in the case of a 
composite material), and chemical composition. 
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Figure 1. Ultrasonic-Pulse/Echo Time Intervals are measured in the ab- 
sence and in the presence of the specimen. These intervals are used to cal- 
culate a thickness-independent value of through-the-thickness speed of 
sound in the specimen. 
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Figure 2. Non-Thickness-Independent Versus Thickness-Independent 
Velocity Maps for silicon nitride tube. 


Figure 1 schematically depicts the 
technique as applied to a plate speci- 
men. An ultrasonic transducer is placed 
in a tank of water at a fixed distance 
above a horizontal reflector plate. The 
transducer is operated in a pulse/echo 
mode, and the round-trip travel times 
for ultrasonic pulses are determined 
from the intervals between transmitted 
pulses and received echoes. At first, the 
pulse/echo interval for the first echo 
from the reflector plate is measured 
without a specimen present in the tank. 

Next, a plate specimen is placed in the 
tank, approximately parallel to the re- 
flector plate. The plate can be moved 
horizontally to obtain measurements at 
various surface locations. At each loca- 
tion, one measures the interval (2l) be- 
tween the first echo from the top surface 
and the first echo from the bottom sur- 
face of the specimen, as well as the 
pulse/echo interval for the first echo 
from the back surface of the specimen. 
These measurements can then be used 
to calculate the local through-the- 
thickness speed of sound (V) in the 
specimen from the thickness-indepen- 
dent right side of an equation derived 
from the basic equations for the 
pulse/echo intervals. The equation is V= 
c[(A*/2t)+ 1], where c is the known 
speed of sound in water and At is the dif- 


ference between the 
reflector-plate pulse/ 
echo intervals with- 
out and with the 
specimen present. 

In an apparatus 
used to apply the 
technique to a tubu- 
lar specimen, the 
specimen is mount- 
ed on a horizontal 
turntable in a water 
tank, with its axis 
vertical and coinci- 
dent with the turn- 
table axis. A ma- 
chined metal reflector plate narrow 
enough to fit within the inner diameter 
of the specimen is suspended vertically 
from above and positioned inside the 
specimen about 1 cm from the inner 
tube wall. A horizontally oriented ultra- 
sonic transducer is positioned outside 
the specimen, facing the reflector plate. 
Pulse/echo measurements are taken 
in basically the same manner as for plate 
specimens. The transducer is translated 
vertically to obtain measurements at var- 
ious axial positions (e.g., increments 
of 1 mm) and the turntable is rotated 
to obtain measurements at various 
azimuthal positions (e.g., increments 
of 1°). 


The technique has been demon- 
strated in experiments on tubular spec- 
imens of mullite (silica/alumina), a 
polymer-matrix composite, a composite 
of SiC fibers in an SiC matrix, and a 
high-temperature-structural grade of 
silicon nitride. Although the turntable, 
specimen, reflector plate, and trans- 
ducer should be aligned as nearly per- 
fectly as possible and the specimen 
should approximate a perfect round 
tube, it was observed that in general, 
some misalignment and out-of-round- 
ness can be tolerated; this is an advan- 
tage over peak-amplitude-based ultra- 
sonic techniques in which measurements 
are altered drastically by refractive ef- 
fects associated with out-of-roundness. 
The present technique made it possible 
to eliminate most of the effects of varia- 
tions in tube-wall thicknesses upon ve- 
locity maps (through-the-thickness ve- 
locities as functions of axial and 
azimuthal positions), except that edge 
effects associated with discontinuous 
changes in thickness were not elimi- 
nated completely. In the case of the sil- 
icon nitride tube (see Figure 2), differ- 
ences between velocities at different 
locations were found to be correlated 
with differences between densities and 
pore volume fractions revealed by x-ra- 
diography and destructive metallo- 
graphic analysis at those locations. 

This work was done by Don J. Roth, 
Dorothy V. Carney , and George Y. Baaklini of 
Glenn Research Center and James R 
Bodis and Richard W. Rauser of Cleveland 
State University. For further information , ac- 
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Physical Sciences category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed to: 
NASA Glenn Research Center 
Commercial Technology Office 
Attn: Steve Fedor 
Mail Stop 4-8 
21000 Brookpark Road, 

Cleveland, Ohio 44135. 

Refer to LEW-16693. 
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® Detecting Metal Ions by Voltammetry 
Using Diamond Electrodes 

Multiple ion species can be detected in a single voltammetric 
scan over a wide potential range. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


Experiments have demonstrated the 
feasibility of detecting multiple species 
of toxic metal ions and other ions of in- 
terest dissolved in water, by means of 
voltammetry with electrically conductive 
artificial diamond electrodes. Diamond 
is attractive as an electrode material be- 
cause it is highly chemically stable and 
exhibits the greatest useable range of 
potential (from +2 to -2 V in aqueous so- 
lution) than any known material. 

The electrode material used in the 
experiments was a film of artificial dia- 
mond doped with boron to enhance 
electrical conductivity. The electrode 
film was grown on a molybdenum sub- 
strate by microwave plasma chemical 
vapor deposition from a gaseous mix- 
ture of methane and hydrogen in the 
presence of a disk of B 2 O s as a dopant 
source. The diamond electrode was in- 
stalled in an electrochemical cell along 
with an Ag/AgCl/NaCl reference elec- 
trode and a platinum-foil counter elec- 
trode. For each experiment, the cell 
was filled with a 0.5 M HNO* containing 
the dissolved ions of interest and the 
experiment was performed at room 
temperature. 

Initially, the diamond electrode was 
conditioned at +1.5 V vs the reference 
electrode for 30 seconds and the system 
was allowed to attain equilibrium. Then 
the voltammetric measurements were 
performed. The measurement tech- 
niques implemented by use of the elec- 
trodes included (1) differential pulse 
voltammetry (DPV) at a scan rate of 
36.36 of mV/s, pulse height of 25 mV, 
pulse duration of 25 ms, scan incre- 
ment of 2 mV, and step time of 55 ms 
and (2) square-wave voltammetry 
(SWV) at a pulse height of 25 mV, fre- 
quency of 60 Hz, and scan increment 
of 2 mV. 

Each voltammetric procedure typi- 
cally consists of the following events: 
The diamond electrode is first held at 
an anodic potential at which either oxy- 
gen or some other gas evolves (which 
gas depends on the specific solution). 
The potential applied to the electrode 
is scanned in the cathodic direction to 
reduce the metal ions present in the so- 
lution, and the resulting currents are 


measured. As the potential approaches 
the value at which the ions of each 
species are reduced, current begins to 
flow, eventually reaching a maximum. If 
multiple species are present in the solu- 
tion, then several peaks are observed, 
either separately or superimposed on a 
rising baseline current as the potential 
is shifted cathodically. The current 
peaks thus obtained correspond to the 
complete reduction of each metal ion 
species from the solution. By determin- 
ing the total charge or current corre- 
sponding to each peak and by compar- 
ing this charge or current with that 
obtained in a calibration soludon, one 
can calculate the concentration of each 
species of ion in the soludon. 

The data from the experiments 
showed that cadons of three species 
(Hgr, Ag% and Cu 2 *) can be detected in 
a single DPV or SWV scan over the range 
of potential from +0.799 to 0.1 V vs. a 
standard hydrogen electrode. This 
range is suitable for detecung the most 
toxic mercury ions in aqueous solutions. 

It should eventually be possible to 
use diamond electrodes in place of con- 
vendonal electrodes that contain mer- 
cury. It should also be possible to fabri- 
cate miniature diamond electrodes for 
electroanalytical detection of metal 
ions in ground water, plating soludons, 
and other aqueous soludons in hosdle 
environments. The advantages of mini- 
ature diamond electrodes may include 
no need for stirring of electrolytes, low 
background currents, low double-layer 
capacitances, and no need to add sup- 
pordng electrolytes or to cover electro- 
chemical cells with neutral gases. 

The conducdve ardficial diamond 
electrodes may be useful in analyzing 
Martian soil and sulfuric acid on Venus. 
Diamond is stable in sulfuric acid and 
can therefore be used to survey Venu- 
sian atmosphere and also to detect 
water. 

This work was done by Rajeshuni Rame- 
sham of Caltech for NASA’s Jet Propulsion 
Laboratory. For further information , access 
the Technical Support Package (TSP) free on- 
line at wwuLnasatech.com under the Physi- 
cal Sciences category. 
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O Preconditioning the Helmholtz Equation for a 2-D Duct 

Numerical solutions converge quickly to exact steady-state solutions. 

Glenn Research Center, Cleveland, Ohio 


-Source Plane 


x=0 


Rigid Duct Wall 


/./+1 




/-I./ 
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Rigid Duct Wall 


Figure 1. A Semi-Infinite Rectangular Duct is overlaid with Cartesian coordinates that are nondimen- 
sionalized in that lengths are expressed in units of the duct width along the y axis. The dots repre- 
sent increments of a finite-difference mesh. 



Number of Iterations 


Figure 2. The Integrated Solution Error as a function of the number of iterations was computed for 
a test case of a plane sound wave of f = 1 propagating into the duct from the left, using a parabolic 
preconditioner and a mixed preconditioner with optimum a and p. 


A preconditioning technique has been 
developed for numerical solution of the 
Helmholtz equation as applied to the 
steady-state propagation of sound in a 
semi-infinite, two-dimensional (2-D) rigid 
duct. As explained below, the technique 
involves the use of two pseudo-time 
parameters in a finite-difference approxi- 
mation of the equation that describes the 
propagation of sound. The use of these 
parameters makes the solution proceed 
much faster than in older transient- and 
steadv-state-analysis-based numerical solu- 
tion methods. 

Figure 1 illustrates the 2-D duct geome- 
try and the finite-difference mesh. The 
governing differential equation for the 
propagation of sound in nondimensional- 
ized form is 

/‘V« = 0’*x + 0 , » r 

where / is a dimensionless frequency, 0’ is 
a dimensionless transient potential or am- 
plitude of the propagating signal, t is di- 
mensionless time, x and y are the dimen- 
sionless coordinates indicated in the 
figure, and subscripts represent partial 
differentiation with respect to the noted 
variables. The spatial unit for nondimen- 
sionalization is the width (y dimension) of 
the duct; the temporal unit for nondi- 
mensionalization is the width of the duct 
divided by the speed of sound; and the 
unit for nondimensionalization of tran- 
sient potential is the width of the duct 
multiplied by the speed of sound. 

Suppose that either the transient po- 
tential comprises a single frequency or 
else the time dependence of the transient 
potential has been Fourier-transformed 
into the frequency domain. One can ex- 
press the transient potential in the form 

f(x,y,t)=y( x ,y)e- i2ia 

where lf/(x,y) contains the spatial depen- 
dence of the Fourier component or sin- 
gle-frequency signal. Using this expres- 
sion, one can u-ansform the governing 
equation into the classical Helmholtz 
equation 

V' I x + V'„+a>V = 0 

where a) = 2nf. In this formulation, the 
Fourier amplitude y/(x,y) is independent 


of time, as in the case of steady excitation 
of the duct with sound of a single fre- 
quency. 

In general, what one seeks is the steady- 
state solution if/iXyy). Th^ can be accom- 
plished indirectly via a time-dependent 
formulation. The Helmholtz equation is 
preconditioned by expressing the tran- 
sient potential in the form 

0'(x,y,t) = <p(x,y,t)e~ i2x ‘. 

The time dependence in <l>(x,y,t) can be 
used to represent what happens if the 
duct is initially quiet and then the 
source of sound is turned on at / = 0. In 


this formulation, the governing equa- 
tion becomes 

/0 a - 2 ifOMf), =<!>„+ <t>yy + (0 2 <t>. 

This is a preconditioned Helmholtz 
equation. In the steady state, 0‘(x,y,/) 
becomes y/{x,y), causing the left side of 
this equation to vanish and thus caus- 
ing reversion to the classical Helmholtz 
equation. 

In previous research, it was found that 
in the special case (called the “parabolic” 
preconditioner) in which one neglects 
PQa, the numerical solution for 0‘(x,y,/) 
converges to y/(x,y) for long times; that is, 
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lim <t>'(x,y,t)=y(x,y) 

t~* oo 

In effect, the finite-difference solution for 
the steady-state spatial dependence is 
found by iterating in time or pseudo-dme. 

One can generalize the precondi- 
tioned Helmholtz equation by incorpo- 
rating pseudo-time parameters a and P 
as follows: 

af<P„ - /?2 ifoxp, =(t> xx +0 jy + 

The choice of ot= 0 , p=l yields the para- 
bolic approximation. The more general 
case of ce*0 and 0 (the “mixed” pre- 


conditioner) is the basis of the present 
technique. In formulating the finite-dif- 
ference approximation of the precondi- 
tioned Helmholtz equation, one can 
choose nonzero values of a and p, in con- 
junction with increments of t, x, and y, to 
accelerate convergence to a steady-state 
solution. The acceleration achievable by 
use of optimum values of a and p is con- 
siderable; for example, in one test case 
(see Figure 2), the number of iterations 
needed for convergence with optimum a 
and p was about one-tenth the number of 
iterations needed to achieve the same de- 


gree of convergence with a parabolic ap- 
proximation. 

This work was done by Kenneth J. Baumeis- 
ter of Glenn Research Center and Kevin L 
Kreider of the University of Akron. For further 
information , access the Technical Support 
Package (TSP) free on-line at wuruinasatech. 
com under the Information Sciences category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed to 
NASA Glenn Research Center ; Commercial 
Technology Office , Attn: Steve Fedor, Mail Stop 
4-8 , 21000 Brookpark Road, Cleveland, Ohio 
44135. Refer to LEW-16692. 


©Analytic Technique for Separation of Cochannel FM Signals 

In the absence of noise, two signals can be separated perfecdy. 

NASA’s Jet Propulsion Laboratory, Pasadena, California 


A digital processing technique for sepa- 
rating two cochannel frequency-modula- 
tion (FM) signals involves a partial alge- 
braic solution that gives the phases of the 
two signals to within one of two possibili- 
ties, plus the use of a two-state trellis algo- 
rithm to trace the most likely correct se- 
quence of possibilities. Other techniques 
for separating cochannel FM signals do 


not yield perfect separation under any cir- 
cumstances; however, the present tech- 
nique can yield perfect separation in the 
absence of noise. 

The mathematical derivation of the 
technique begins with the complex-ampli- 
tude baseband representation of the pair 
of cochannel signals sampled at small 
time intervals. The total signal at the nth 


sampling interval is given by 
r( n) = 4 

where A and B are the known magnitudes 
of the two signals, and 0 and 0 are the un- 
known phases of the signals. Initially, it is 
assumed that there is no noise and that A 
and B vary slowly, relative to 0 and 0. The 
problem is to estimate 6 and 0, given A, B , 
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and r. The equation above can be manip- 
ulated algebraically to obtain the follow- 
ing equations: 




A+BD± 
B+ ADm 


;Wl-D 2 ) 

jA-ll-D 2 jj 


where 


D = 


2AB 


Thus, each of the two unknown phases 
has been determined to within two possi- 
ble exact values. 

For a single sample r{ n) , there is no rea- 
son to prefer one of the two possibilities 
over the other. However, one can choose 
a sequence of solutions 2), 0(n-l), 

6(n)... and ...0(n- 2), <p(n- 1), 0(n)... that 
yields the bandwidth or the spectral den- 
sity expected of the phase modulation. 
The sequence can be chosen with the 
help of a two-state trellis, in which the first 
state represents the solution 


e = arg 


{ 


A+BD + 




B+<\D- 



and the second state represents the solu- 
tion 



A+BD- 


B+AD + 


yWi-D 2 ) 
W l-D 2 ) 


The sequence of solutions is traced 
through the trellis by use of a Viterbi al- 
gorithm. The solution chosen for each 
time step n is the one for which the in- 
stantaneous frequency disagrees mini- 
mally with a value predicted from values 
of instantaneous frequency chosen tenta- 
tively for previous time steps. In these 
computations, the instantaneous frequen- 
cies at the time steps are approximated by 
use of finite differences between tentative 
phase solutions. The predicted instanta- 
neous frequency is the finite-difference 
value obtained by applying, to die phase 
samples, an mth-order (where m is an in- 
teger > 1 ) Levinson-Durbin linear predic- 
tive coder (LPC), which is a linear mini- 
mum-mean-squared-error estimator. 

The metric for the trellis branch from 
the kxh state at time n- 1 to the /th state at 
time n is the square of [(the frequency for 


the hypothesized 6 solution for state / at 
time n) - (the frequency predicted by the 
Levinson-Durbin LPC for time n on the 
basis of 6 solutions on the path leading up 
to state k at time n-1 ) ] plus the square of 
[the corresponding quantity for 0]. The 
Viterbi algorithm operates by computing 
all four branch metrics at each time step, 
storing an accumulated metric, and trac- 
ing backwards through the trellis to find 
the correct sequence. 

This technique was tested in a compu- 
tational simulation, using five test cases in- 
volving two FM voice signals sampled at a 
rate of 132.3 kHz and a 5th-order LPC. In 
all cases, the two signals were separated 
perfecdy; that is, to within the floating- 
point precision of the computer. In other 
words, the correct branch of the trellis was 
chosen at every time step. Additional re- 
search would be needed to provide for 
the case in which estimation of A and B in 
situations in which they are unknown, 
and to determine whether the technique 
is robust in the presence of noise. 

This work was done by Jon Hamkins of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. For further information, access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Information 
Sciences category. 
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^ Tribological Characterization 
of Solid Surfaces 

Reports labeled as chapters 2, 3, 4, 7, 8, 
9, and 10 of a NASA technical memoran- 
dum that addresses topics in tribology 
have been compiled into a document that 
emphasizes those aspects of the subject 
matter that pertain to chemical-vapor-de- 
posited (CVD) diamond and diamondlike 
films. The tides of the reports are the fol- 
lowing: “Solid Lubrication Fundamentals 
and Applications [ — ] Characterization of 
Solid Surfaces,” “Solid Lubrication Funda- 
mentals and Applications [ — ] Properties 
of Clean Surfaces: Adhesion, Friction, and 
Wear,” “Solid Lubrication Fundamentals 
and Applications [ — ] Properties of 
Contaminated Surfaces: Adhesion, Fric- 
tion, and W r ear,” “Aerospace Mechanisms 
and Tribology Technology': Case Studies,” 
“Structures and Mechanical Properties of 
Natural and Synthetic Diamonds,” “Chem- 
ical-Vapor-Deposited Diamond Film,” and 
“Surface Design and Engineering Toward 
Wear-Resistant, Self-Lubricant Diamond 
Films and Coatings.” The collection is ac- 
companied by a single-page preface that 
summarizes die economic and technolog- 
ical significance of CVD diamond as a 
solid lubricant and as a mechanically, 
chemically protective coating material. 

This work was done by Kazuhisa Miyoshi of 
Glenn Research Center. To obtain a copy of 
the documents , access the Technical Support 
Package (TSP) free on-line at wununasatech. 
com under the Materials category. 

Inquiries concerning rights for the commer- 
cial use of this imrention should be addressed to 
NASA Glenn Research Center, Commercial 
Technology Office, Attn: Steve Fedor, Mail Stop 
4-8, 21000 Brvokpark Road, Cleveland, Ohio 
44135. Refer to LEW-16969. 


0 Small Balloons for Local 
Aerial Exploration of Mars 

A report proposes the use of light- 
weight balloon-borne instrumentation sys- 
tems for exploration in the vicinity of a 
lander on the surface of Mars. Each sys- 
tem would comprise instrumentation with 
a mass of about 0.2 kg and a balloon with 
a mass of about 0.8 kg and volume of 
about 50 m\ The balloons would be in- 
flated with H 2 or He by use of an appara- 
tus based on the automatic inflation 
equipment used on Earth to launch 
weather balloons. Of course, the appara- 


tus would incorporate special design fea- 
tures to ensure successful launches in the 
thin, cold, windy Martian atmosphere and 
to minimize damage to balloons on the 
rock-strewn Martian terrain. 

This work was done by James Cults and 
Andre Yavmuian of Caltech for NASA’s Jet 
Propulsion Laboratory. To obtain a copy of 
the report, u Mars Microballoon for Multiple 
Ground Launched Deployments New Technol- 
ogy Report, ” access the Technical Support Pack- 
age (TSP) free on-line at www.nasatech.com 
under the Physical Sciences category. 
NPO-20634 


@ Using Electromagnetic Drag 
on Tethers To De-Orbit 
Spacecraft 

Two papers propose the use of electri- 
cally conductive tethers to remove spent 
or dysfunctional spacecraft from orbit 
around the Earth in order to reduce the 
hazard of orbital debris. In comparison 
with onboard rockets, these tethers would 
be more cost-effective, more reliable, and 
less massive. Once deployed, a tether 
would not require an onboard power sup- 
ply. Both ends of the tether would be 
equipped with electrodes to make electri- 
cal contact with the ionosphere and 
thereby complete an electrical circuit 
The orbital motion of the tether across 
the Earth’s magnetic field would induce 
an electrical current in the tether. The 
consequent electrical heating of the 
tether would gradually dissipate the or- 
bital kinetic energy' of the spacecraft It 
has been estimated that a typical space- 
craft could be removed from orbit in 
weeks or months in this way, whereas the 
satellite might otherwise remain in orbit 
for years or even centuries. 

This u>ork was done by Robert L. Forward 
and Robert P. Hoyt of Tethers Unlimited and 
Chauncey Uphoff of ACTA Consulting Group 
for Marshall Space Flight Center. To obtain 
copies of the papers, u The Terminator Tether™: 
a low-mass technology for end-oflife deorbit of 
LEO spacecraft 9 and u The * Terminator 
Tether"": An Efficient Mechanism for End-of- 
Life Deorbit of Constellation Spacecraft, 9 please 
contact the company iria e-mail at TUQtethers. 
com or visit their web site at http://wurw. 
tethers.com . 

Terminator Tether " is a trademark of Tether 
Unlimited, Inc., for their electrodynamic drag 
tether deorbit device. 
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©Apparatus and Technique for Measuring Distance Between Axles 

A combination of optoelectronic modules takes much of the tedium out of the measurements. 

John F. Kennedy Space Center, Florida 


An optoelectronic apparatus and a 
technique for its operation have been 
developed to facilitate and accelerate 
the measurement of distances of the 
order of tens of feet to within error lim- 
its of about ±1/8 in. (about 3 mm). In 
the original application, the distance to 
be measured [=66 ft (=20 m) ] is that be- 
tween the axes of rotation of the front 
and rear tires of the space shutde orbiter 
as it rests in a ground-based processing 
facility. Previously, this distance was de- 
termined in a tedious procedure that in- 
volved measurements of component 
horizontal distances between floor 
points found by dropping plumb bobs. 
(This distance is used, along with other 


measurements, to locate the center of 
gravity of the orbiter.) The apparatus 
and technique could also be used for 
similar purposes in other settings; for ex- 
ample, to measure perpendicular dis- 
tances between wall frames in situations 
in which tape measures cannot be used, 
to establish fence lines, or to lay out foot- 
ball grids. 

The figure illustrates the apparatus 
and its use in the original application, in 
which the rear tires rest on the floor and 
the front tires rest on a platform about 3 
ft (=0.9 m) above the floor. The major 
components of the apparatus are (1) a 
laser rangefinder and (2) laser line pro- 
jectors that include two battery-powered 


laser-diode modules with collimating op- 
tics. Each laser-diode module generates 
a continuous-wave beam with a power of 
3 mW at a wavelength of 670 nm. The 
modules are aimed to point the beams 
downward, and the beams are made to 
pass through a cylindrical diverging lens 
to spread the beams into fans oriented 
in a nominally vertical plane; the mod- 
ules are aligned to project coincident 
vertical lines as viewed from the side and 
collinear horizontal lines as viewed from 
the top. 

The rangefinder is aligned precisely 
with respect to the laser-diode modules 
and the diverging lens so that the line of 
sight of the rangefinder is perpendicular 
to the plane defined by the beams from 
the laser-diode modules. This line of 
sight is thus nominally horizontal. 

The apparatus is mounted on a tri- 
pod between the rear tires, with the 
rangefinder at approximately the 
height of the front tire hub. (Exact 
matching of heights is not necessary in 
this application because the geometry 
is such that even at a height difference 
as large as a few inches, the difference 
between the horizontal distance and 
the measured distance is less than the 
allowable error of 1/8 in.) A target is 
mounted on the front tire hub. The po- 
sition and orientation of the apparatus 
are adjusted until the bright lines pro- 
jected by the fan beams strike the hubs 
of both rear tires and the beam from 
the rangefinder strikes the center of 
the target. Then the distance is mea- 
sured by use of the rangefinder, which 
produces a digital readout. The mea- 
surement range is from <1 ft (<0.3 m) 
to about 300 ft (=91 m). 

This work was done by James P. Strobel, 
Jimmy D. Polk , William D. Haskell , and 
Robert C. Youngquist formerly of I-NET, Inc., 
for Kennedy Space Center. For further in- 
formation , access the Technical Support Pack- 
age (TSP) free on-line at www.nasatech.com 
under the Physical Sciences category. 

Inquiries concerning rights for the commer- 
cial use of this invention should be addressed 
to the Technology Programs and Commercial- 
ization Office, Kennedy Space Center, (407) 
867-6373. Refer to KSC- 11980. 



Rear Tires 




TOP VIEW 



A Laser Rangefinder and Laser Line Projectors have been combined into an instrument for measur- 
ing the horizontal distance between the central axes of the front and rear tires. These drawings de- 
pict the basic measurement geometry, but are not to scale. 
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Miniature, Low-Power, Digital, Wireless Electronic Camera 

This portable unit can be programmed to operate in a variety of modes. 

NASA 5 Jet Propulsion Laboratory, Pasadena, California 


A portable, battery-powered camera 
unit contains a programmable digital 
camera that is implemented on a single 
chip utilizing active-pixel-sensor (APS) 
technology, plus circuitry for digital radio 
communication between the camera and 
a base station. A laboratory-bench-top ver- 
sion of this digital wireless camera has 
been demonstrated to function as in- 
tended, and continuing development ef- 
forts are directed toward miniaturization 
(see figure) . The fully miniaturized unit is 
intended to serve as a prototype of low- 
power, long-battery-life, portable, digital, 
wireless electronic cameras for such appli- 
cations as surveillance in military and 
civilian settings, home security, and re- 
mote monitoring of babies. 

The APS-camera portion of the cir- 
cuitry was described in “Active-Pixel-Sen- 
sor Digital Camera on a Single Chip” 
(NPO-20262), NASA Tech Briefs, Vol. 22, 
No. 10 (October 1998), page 44. To reca- 
pitulate: A complementary metal oxide/ 
semiconductor (CMOS) integrated-circuit 
chip contains a 256 x 256 photogate APS 
sensor array, 256 on-chip analog-to-digital 
converters (ADCs) to digitize the pixel 
data, timing and control circuitry, and 
four digital-to-analog converters (DACs) 
to provide the analog references necessary 
for the imager and ADCs. From an exter- 
nal source (the base station), the chip can 
be programmed to perform a variety of 
imaging operations; for example, to ob- 
tain a desired exposure time and/or to op- 
erate in any of a number of imaging 
modes to reduce power consumption; for 
example, windowing, subsampling. The 
chip can also be programmed to establish 
a required digital interface configuration; 
this feature affords flexibility for integra- 
tion with a variety of base-station digital 
systems. The total power consumption of 
this portion of the camera (that is, the 
camera without the radio-communication 
portion of the circuitry) is of the order of 
tens of milliwatts in full operation. After 
obtaining an image or set of images, the 
camera chip automatically enters a low- 
power idle mode where it uses about 40 
pW of power. In contrast, a typical charge- 
coupled-device (CCD) camera circuit with 
analog output consumes 1 to 2 W when 
turned on, and cannot be commanded to 
operate in multiple lower-power modes. 

The camera communicates with the 
base station over a bidirectional radio 
link, with a range of about 1 km. The cam- 
era transmits video data to the base sta- 
tion at a rate of 2.455 Mb/s at a carrier fre- 
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The Digital Wireless Camera will eventually occupy a volume of only about 2 in. 1 («33 cm 3 ). 
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quency of 2.4216 GHz and receives com- 
mand data at a rate of as much as 2.4 kb/s 
at a carrier frequency of 418 MHz. 
Spread-spectrum modulation is used to 
reduce the probability of interception. In 
an attempt to minimize the power con- 
sumed by the camera and maximize the 
communication link efficiency, convolu- 
tionallv-encoded binary phase shift keying 
(BPSK) is used for coding and modula- 
tion, together with a coherent detection 
receiver at the base station. By use of half- 
duplex protocols, the base station can 


communicate with as many as 254 such 
cameras. The miniature low-power com- 
munication system can be extended to be 
used with other sensor systems. 

This work was done by Martin Agan , Erie 
Fossum , Robert Nixon , Brita Olson, Be- 
dabrata Pain, Christopher Pasqualino , Ed 
Satorius, Timothy Shaw, and Gary Stevens of 
Caltech for NASA’s Jet Propulsion Labo- 
ratory. For further information , access the 
Technical Support Package (TSP) free on-line 
at www.nasatech.com under the Electronic 
Components and Systems category. 


In accordance uhth Public Lout 96-517, the 
contractor has elected to retain title to this in- 
vention. Inquiries concerning rights for its 
commercial use should be addressed to 
Technology Reporting Office 

JPL 

Mail Stop 122-116 
4800 Oak Grove Drive 
Pasadena, CA 91109 
(818) 354-2240 

Refer to NPO-20331, volume and number 
of this NASA Tech Briefs issue, and the 
page number. 


9 Improved Accelerated Corrosion Testing of Zinc-Rich Primers 

Electrochemical impedance spectroscopy is used in conjunction with atmospheric exposure. 

John F. Kennedy Space Center, Florida 



These Bode Plots were obtained in EIS measurements on a carbon-steel coupon coated with a zinc-rich 
primer after exposure to seacoast air for the indicated times. Even after as little as 1 week, the plots 
show an increase in impedance corresponding to a decrease in the galvanic mechanism and an increase 
in the barrier mechanism of protection. The plots also indicate that the capacitance decreased. 


An improved method of accelerated 
testing reduces the time needed to ana- 
lyze the abilities of zinc-rich primers to 
protect steel substrates against corro- 
sion in a seacoast environment. In this 
method, specimens are placed in racks 
where they are exposed to the environ- 
ment. From time to time, the specimens 
are brought to a laboratory, where they 
are tested by electrochemical imped- 
ance spectroscopy (EIS). The speci- 
mens are then returned to the racks for 
further exposure. 

Accelerated testing methods have 
been sought in this field because when 
using conventional testing methods, it 
takes between 1-1/2 and 5 years of ex- 
posure to obtain definitive results under 
natural environmental conditions. Pre- 
vious attempts at accelerated testing in 
this field have involved the use of artifi- 
cial salt sprays and salt fogs to increase 
rates of corrosion. Unfortunately, the 
results of experiments conducted under 
such artificial conditions have been 
found not to correlate well with results 
of experiments under natural condi- 
tions. In contrast, the improved method 
drastically reduces (typically to about 8 
weeks) the time and thus also the cost of 
testing, without need for artificial con- 
ditions that distort the results. 

In the improved method, each speci- 
men from the exposure rack is im- 
mersed in a 3.55-percent NaCl solution 
in the test cell of a commercial EIS ap- 
paratus. Impedance measurements are 
taken in a typical frequency range from 
0.01 Hz to 100 kHz. The results of the 
measurements are digitized and 
processed to extract parameters of an 
equivalent-circuit model of the gal- 
vanic and barrier mechanisms that 
have been postulated to explain the 
corrosion-inhibiting effects of the 


primers. The results of the impedance 
measurements are also typically pre- 
sented as Bode plots (plots of the 
phase angle of impedance and of the 
logarithm of the modulus of imped- 
ance as functions of the logarithm of 
frequency) and Nyquist plots (showing 
the negative of the imaginary compo- 
nent of impedance as a function of the 
real component of impedance). The 
figure presents Bode plots for one 
specimen taken after various exposure 
times up to 1 year. 

In general, the EIS measurements in- 
dicate early changes in electrical prop- 
erties of primers associated with deteri- 
oration of the primers at metal/primer 
interfaces, before macroscopic deterio- 
ration becomes apparent. In experi- 
ments, it has been found that these 


properties and their changes are corre- 
lated with the long-term performances 
of the primers. Further research in this 
field will be devoted to refining the 
analysis of changes and improving the 
capability for utilizing the impedance 
data in their full complexity to predict 
long-term performances. 

This work was done by Louis G. Mac- 
Dowell, III and Luz M. Calle of Kennedy 
Space Center. For further information, ac- 
cess the Technical Support Package (TSP) 
free on-line at www.nasatech.com under the 
Materials category. 

Inquiries concerning rights for the com- 
mercial use of this invention should be ad- 
dressed to the Technology Programs and 
Commercialization Office, Kennedy Space 
Center, (407) 867-6373. Refer to KSC- 
11850. 
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This is your 3D model 



This is your 3D model on 

3Dmodelserver.com 

...the new, Web-based service that enables manufacturing and design engineers to automatically translate 
and repair faulty 3D models. Tired of fixing or recreating 3D models manually? Use 3Dmodelserver.com 
to streamline repair and translation of SAT, IGES, STEP, CATIA and Pro/ENGINEER files. No up-front 
software costs and no risk — you only pay if it works. And it’s as simple as firing up your web browser. 

Visit www.3Dmodelserver.com to leam how easy it can be to bring home the bacon. 

Spatial 

Taking Interoperability to the Next Dimension 

For more j n f orma tion call 800-767-5710 


For More Information Circle No. 526 




Special Coverage: Industrial Automation 


The Tracer2000™ automated test platform 

from Acculogic, Markham, ON, Canada, inte- 
grates commercial off-the-shelf products in 
an open architecture design with a software 
environment based on industry standards. 
The PC-based platform is designed to accom- 
modate integration of VXI, RS-232, IEEE- 
488. or PC-based instruments. It uses a 
scaleable test environment to configure and 
build a range of test technologies, including 
analog functional test, digital test, manufac- 
turing defect analyzer, and boundary scan. 

The system offers a programming environment based on National 
Instruments’ TestStand™ test management software. Other industry’ 
standard software tools such as LabView, LabWindows. Visual Basic, 
and HP VEE can be applied. The system includes a PC with rack- 
mounted color monitor, keyboard, mouse, UUT Programmable 
Power Supplies, system cooling, vacuum hook-up, and master pow r er 
control panel. 


WinSystems, Arlington, TX, 
offers the PCM-UI096A digital 
I/O interface with automatic 
event sense lines. The PC/ 104 
Bus, TTL-compatible, 96-point 
digital interface card can moni- 
tor both rising and falling digital 
edge transitions, latch them, and 
then signal the host processor 
that a change of input status has 
occurred. It senses and signals the CPU of real-time events without 
continuous polling of the 96 points. 

Each I/O line is programmable for input, output, or output with 
read-back operation. The interface features Event Sense, which is the 
controller’s ability to monitor each input line and then generate an 
interrupt whenever an event occurs. The system measures 3.6 x 3.8" 
and weighs 7 ounces, and has an operating temperature range of -40 
to +85°C. 




For More Information Circle No. 730 

National Instruments, Austin, TX, 
has introduced the PXI-1002 four- 
slot, 3U PXI chassis for test and 
measurement, data acquisition, 
and industrial automation appli- 
cations. The chassis can harbor 
three peripheral PXI/CompactPCI 
modules and an embedded con- 
troller or remote controller. It 
includes modular construction, 
integrated cooling, and a backplane with integrated timing and 
triggering features. 

The chassis is available with options for a variety of different imple- 
mentations in many automation systems. Users can select the rack- 
mount option for installation in instrument cabinets or wall-mount 
configurations. A handle and feet kit provides bench top and portable 
solutions. 


For More Information Circle No. 731 


The TorsionMaster™ 
low-torque, high-rota- 
tion automated test- 
ing system from MTS 
Systems Corp., Eden 
Prairie, MN, is de- 
signed for testing small 
material specimens, 
products, and compo- 
nents. It features a 
torque capacity' of ±20 
Nm, and includes the 
test instruments, collet grips, digital control system, and software. 

The computer-automated system includes TestWorks® 4 materi- 
al testing software that enables users to analyze, review, graph, 
plot, and archive material testing data. The system also performs 
ASTM A938 tests on fine wire and ASTM 1622 or ISO 6475 tests 
on medical screws. 




For More Information Circle No. 726 


For More Information Circle No. 727 


Cincinnati Industrial Auto- 
mation, Covington, KY, 
offers the EZ Vision Sensor 
PLC-based machine vision 
system, an integrated image 
processing and program- 
mable logic controller 
designed for static or high- 
speed inspections (up to 
15,000/minute) and pro- 
grammable machine con- 
trol. PC-based software is available for set-up and training. 

The system features two camera inputs for simultaneous image cap- 
ture of two views of the device, 16 inspection programs, template 
matching with normalized correlation, rotational correction, and 
general-purpose measurement/inspection tools. It also features 15 
I/O points, 128 internal registers, eight timers, and eight counters. 


Scout™ 1 one-camera in- 
spection system from PPT 
Vision, Eden Prairie, MN, 
provides automated in- 
spection with user-friendly 
programming and the 
ability to upgrade to two 
or four cameras. The 
turnkey inspection system 
consists of an integrated 
processor, 15" SVGA mon- 
itor, camera and lighting system, keyboard, trackball, cables, and 
Vision Program Manager™ software. 

The system provides image capture rates up to 1,800 parts-per- 
minute at 640 x 480 resolution, and can be upgraded with a high- 
speed camera to achieve speeds over 10,000 ppm. The integrated, 
networkable PC platform provides continuous display of inspec- 
tion images and data for real-time process monitoring and con- 
trol. Options include a touchscreen monitor and a sealed 
flatscreen monitor. 




For More Information Circle No. 728 


For More Information Circle No. 729 
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I-New 



PipePa 


rpipepak.com 






7<b 



Design a piping system easily and quickly in ...or build and edit a model using PipePak’s new 
a highly graphical CAD environment using Windows-styie spreadsheet interface and data 
Superdraw III... input screens. 



View the analysis results of the piping 
model using PipePak's realistic graphi- 
cal display to study displacements and 
stresses in the design. 


Generate a customized report by selecting desired 
model Input and output data, graphics and compa- 
ny logo. Print or post the report to a web site so 
engineers in different divisions can view the results 
concurrently or on demand. 


PipePak’s enhanced visualization provides the tools to 
zoom in tight so you can study the elbows, flanges, bel- 
lows or other piping components. Notice the image 
above provides the detail necessary to recognize the 
following piping components: 

1. Valve (300 rating) 

2. Long Radius Elbow 

3. Socket Weld Flange 

4. Flange/Bellows 

5. Expansion Joint 

6. Customized Valve 

7. Unreinforced Fabricated Tee 

8. 14” to 8" Reducer 


Algor's PipePak Provides a Better Way to Perform Piping Design, Analysis, Visualization and Reporting 


Three Flexible Design Methods 

1 . Superdraw Ill's CAD-like interface. Engineers can quickly convert lines 
into a piping system, automatically create valves, flanges, etc. with icon 
toolbars and specify model parameters such as masses or forces. 

2. Windows-styie spreadsheet interface. This enhanced interface enables 
tabular data entry of piping system parameters while all-new interactive 
graphics let engineers visualize the model from the first step. 

3. Third-party piping design systems. Engineers can import models creat- 
ed with AutoCAD, CADPIPE, CAESAR II, Intergraph PDS and others. 

Highly Accurate Analysis 

PipePak features PipePlus for static and dynamic stress analysis of piping 

systems. PipePlus complies with well-known, world-wide codes, including: 

• ASME B31.1 power piping code 

• ASME Section III Class 2 and Class 3 component piping code 

• ASME B31.3 chemical plant and petroleum refinery piping code 

• ASME B31. 4 liquid transportation piping code 

• ASME B31.8 gas transmission and distribution piping code 

• British Standard BS806 piping code 

Powerful Visualization 

Built-in visualization capabilities enable engineers to view deflected 

shapes, forces and moments, stress spectrums and mode shapes as well 

as animate transient stress analysis results over time. 


HTML-Based Report Generation 

PipePak’s new Report Wizard generates customized HTML reports that 
summarize input, analysis results and equipment data. Engineers can add 
a company logo and model graphics and print the report or save it to the 
Internet or Intranet for client or multi-divisional access. 

Look for the Following Features in Algor's New PipePak 7.0: 

• Increased image-saving capabilities allow engineers to save graphics as 
JPEG , TIE PCX, PNG, TGA and BMP files 

• A new interface ties all PipePak elements into one menu accessible from 
within Superdraw III. 

• Standard Windows screens provide Windows-styie functionality to sup- 
port ease of use. 

• Enhanced visualization prominently displays mode shape plots and 
dearly shows elbows, flanges and anchors. 

• Enriched help features are displayed in Windows message boxes and 
indude context-sensitive help for all data fields to prevent input errors. 

• A direct link provides access to DocuTech, Algor's on-line software doc- 
umentation system with powerful search capabilities. 

For more information about PipePak, please visit www.pipepak.com, 
Algor's new website dedicated to PipePak and piping design, or contact an 
Algor representative at +1 (412) 967-2700. 


See PipePak in Action with Algor’s Webcasts and Web Courses 

Learn more about PipePak from Algor’s Tuesday at Ten Webcasts. 
Tune in to www.algor.com/webcast every Tuesday at 10:00 a.m. 
Eastern Time for FREE public Webcasts about Algor software in 
action, or view Webcast Replays. Visit www.algor.com/webcourse 
to register for a Web Course covering PipePak. 




♦ RLGDR 

When the Engineering 
Has to be Right 


Phone: +1 (412) 967-2700 


Algor. Inc, 150 Beta Drive, Pittsburgh, RA 15238-2932 USA 
Fax: +1 (412) 967-2781 • California: +1 (714) 564-0844 • Europe (UK): +44 (1784) 442 246 
E-mail: info@algor.com • www.algor.com 
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HIGH-PRECISION 
PRESSURE 
TRANSDUCER 

OMEGA’s PX624 Series trans- 
ducers combine the precision 
and stability of the photo-opti- 
cal sensor with state-of-the art 
SMD electronic circuits. 
These features provide excep- 
tional performance with accu- 
I racies of ±0.05% of span or 
better. For barometric and absolute ranges up to 30 
psia, long-term stability is ensured by inclusion of a 
getter material in the evacuated reference chamber. 
Each unit has a 20-point certificate of calibration 
traceable to NIST. 

OMEGA Engineering Inc. 

For More Information Circle No. 600 



EIGHT-PORT 
RS-232 CARD 
FOR THE PCI 
BUS 

The model OMG- 
COMM8-PCI plugs 
into any IBM or compatible computer with the PCI 
bus and provides eight RS-232 Async ports for com- 
munications servers, terminals, point-of-sale (POS) 
systems, and other data-collection devices. The on- 
board interrupt status port prorides maximum flex- 
ibility. Features include the 16554 UART, proriding 
a 16-byte FIFO to keep data-communications appli- 
cations running error free. An eight-port RS-232 
cable is included. 

OMEGA Engineering Inc. 

For More Information Circle No. 601 



PORTABLE 
PLC FOR 
TEST LABS 

Model OM-LMPLC is 
a flexible I/O con- 
troller designed for 
test labs performing on/off cycling tests such as 
pneumatic cycling, electronic power cycling, and 
other durability testing. All user interactions occur 
through the front panel, which has two buttons, a 
key-switch, and a large digital display. The con- 
troller accepts eight opto-isolated DC voltage inputs 
from 5 to 35 Vdc. Windows software is included. 


OMEGA Engineering Inc. 

For More Information Circle No. 602 



OM-DL 

DATALOGGERS 

OM-DL Series datalog- 
gers are economical and 
tamperproof, with stor- 
age capacity for more 
than 800 readings. 
Models are available for temperature, dual temper- 
ature, and temperature and humidity inputs. 
Connect the datalogger to a PC’s parallel printer 
port and use the available Windows software to set 
recording parameters. Once the logger is set up, it 
can be disconnected and put in the field to record 
data. The recording function can be locked on to 
prevent disruptions. 


OMEGA Engineering Inc. 


For More Information Circle No. 603 



ANALOG TO 
PULSE I/O 
MODULES 

The MSP family of 
analog-to-pulse I/O 
modules allows use of 
any analog sensor with almost any PLC model. Each 
MSP module provides one analog input or one ana- 
log output interface between the PLC and the ana- 
log world. Communication between MSP unit and 
PLC is via patented “single wire” communications. 
Modules are available for thermocouple, RTD, cur- 
rent, voltage, potentiometer, and frequency inputs, 
and voltage or current outputs. 


OMEGA Engineering Inc. 

For More Information Circle No. 604 



DIGITAL OPEN 
CHANNEL WATER 
VELOCITY METER 

OMEGA'S FLR1000 Series 
flow sensors can measure extremely low flowrates 
from 20 ml/min to 5 liters/min in a wide variety of 
industrial, commercial, and laboratory flow applica- 
tions. These sensors operate on 12 Vdc power and 
have been designed for incorporation into data 
acquisition systems that supply 12.5 Vdc to sensors 
and receive 0 to 5 Vdc linear signals from such sen- 
sors. They are highly repeatable, stable, and have 
excellent resolution. 


OMEGA Engineering Inc. 

For More Information Circle No. 605 



WIDE RANGE 
INFRARED 
TEMPERATURE 
TRANSMITTERS 

The OS6000 is a self-con- 
tained Fiber Optic Infrared 
system that provides 2-wire 4 
to 20 mA linear output, re- 
peatability ±0.25% rdg, and fast response 50/100 
msec. It has a wide temperature range: 300 to 
1600*C with a 0.8 to 1.6 p spectral response. The 
OS8000 provides 2-wire 4 to 20mA linear output 
and the same repeatability and response time as the 
OS6000. Features include temperature range of -40 
to 1700*C and seven spectral-response ranges. 

OMEGA Engineering Inc. 

For More Information Circle No. 606 


NON-CONTACT 


INFRARED 

PYROMETERS 


0 

series are accurate, rugged, 
easy-to-use non-contact 

infrared pvrometers. No 

focus is required. Features 

include laser pointing and 

circular laser options (on 
selected models); temperature display; alarms 
(high/low); thermocouple input (Type K and S for 
emissirity determination); analog input; and cali- 
bration report. A software package is available on 
selected models. 


OMEGA Engineering Inc. 

For More Information Circle No. 607 


WIRELESS 
TRANSMITTER 
SILICON-ON- 
SAPPHIRE 

OMEGA’s PX921 Series wireless 
transmitters provide safe opera- 
tion in tough industrial installa- 
tions — without hard wiring. The 
PX921 operates by radio teleme- 
try. A low-power RF transmitter safely transmits the 
signal up to 500 meters to a receiver/ retransmitter, 
where it is converted into a 4-20 mA signal. The 
rugged stainless steel construction features SOS 
technology with custom IC amplifier, giving the 
PX921 Series high stability, low drift, and long life. 

OMEGA Engineering Inc. 

For More Information Circle No. 608 
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Design Engineering Product Showcase 


TECHNICAL 
REFERENCE GUIDE 9 

Plastic tubing, hose, and fittings 
for the design engineer are 
found in NewAge® Industries’ 
catalog. Technical Reference 
Guide 9. Technical specifica- 
tions and data are presented on 
30 stock tubing and hose prod- 
uct lines from PVC, polyurethane, nylon. TPR. 
Teflon®, and Viton®, to medical-grade silicones. 
An expanded custom capabilities section, including 
coiling, thermal tube bonding, and hose assem- 
blies, proves this company to be an industry leader. 
New Age Industries. Southampton, PA ; Tel: 215- 
657-3151; Fax: 215-657-6594; e-mail: psalcs® 
newageind.com; www.newageind.com 



SOFTWARE FOR 
COMPOSITE 
DESIGN & 
MANUFACTURING 

FlberS IM™ is a suite of CAD- 
integrated software tools for 
composite design, analysis, 
tooling, and manufacturing. 
Major aerospace and automotive companies world- 
wide are using FiberSIM in production and are 
experiencing dramatic reductions in development 
time, material waste, design revisions, tooling costs, 
and manufacturing time. Composite Design 
Technologies, Inc., 486 Totten Pond Rd.. Waltham. 
MA 02451-1917; Tel: 781-290-0506; Fax: 781-290- 
0507; www.cdt.com 


NEW 

FOUR-PORT 
RS-422/485 
SERIAL 

PCMCIA CARD 

Quatech’s QSP-200/ 
300 provides four RS-422/485 serial ports in any 
combination via a single PCMCIA card. It is ideal for 
GPS receivers, flight data recorders, navigation sys- 
tems, and numerous other serial systems. Quatech 
serial PCMCIA cards are available for RS-232 and 
RS-422/485 with 1 , 2, or 4 ports. For more informa- 
tion, call 1-800-555-1170, or visit umnv.quatrch.com 
for complete product specifications and secure 
online ordering. 




New Age Industries 

For More Information Circle No. 609 


Composite Design Technologies, Inc. 

For More Information Circle No. 610 


Quatech, Inc. 

For More Information Circle No. 611 



OPTICAL THIN FILM 
COATING 

New product literature from 
Denton Vacuum provides 
information on thin film coat- 
ing services for virtually every 
application from lighting to 
space optics. In-house design 
and production services for 
low, high, and OEM quantities are available at com- 
petitive prices. Innovative deposition geometries 
and process technologies allow optimization of 
coating uniformity and film properties on difficult 
shapes and sizes up to 47". Denton Vacuum, 1259 
N. Church St., Moorestown, NJ, 08057; Tel: 856-439- 
9100; Fax: 856-722-9645; e-mail: info@dentonvacu- 
um.com; www. dentonvacuum.com 



ELECTROMAG- 
NETIC DESIGN & 
ANALYSIS 
SOFTWARE 

OPERA Software provides 
user-friendly design and 
analysis tools for electro- 
static. magnetostatic, and 
time-varying electromagnetic devices and systems. A 
wide frequency range (including resonant cavity’ 
calculations) and transient effects may be modeled. 
Particle beam modeling (including space charge 
effects) may be analyzed. Comprehensive user sup- 
port is always provided. Vector Fields. Inc.; Tel: 
630-851-1734; Fax: 630-851-2106; e-mail: info® 
vectorfields.com; www.vectorfields.com 


DESIGN DATA 

FIBERGLASS 
EPOXY 


FIBERGLASS 
LAMINATED 
EPOXY 155 °C 

Design Data pamphlet 
features materials, prop- 
erties, and tolerances 
for glass epoxy compo- 
nents. It shows design- 
ers how to specify from 
open stock tools, for 
potting forms, bobbins, 
coil forms, structurals, 
and circuit board manufacturing aids. Stevens 
Products, Inc., 128 N. Park Sl. E. Orange, NJ 07019. 
Tel: 973-672-2140. www.ios.com/~cantilin/ 



Denton Vacuum 


Vector Fields, Inc. 


Stevens Products, Inc. 
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ALUMINUM 
FRAMING SYSTEMS 

AMCO offers a one-of-a-kind 
aluminum structural system to 
simplify the design of special- 
ized and nonstandard enclo- 
sures. This system allows cus- 
tomers to build enclosures, 
racks, or stands from 8” to 20' 
in any 90-degree plane. Features include high- 
strength extruded tubing with 1 1 different integral 
flange configurations; 3 types of accessory-mount- 
ing channels; 7 joining and comer castings, and 
more. Request catalog 203. AMCO Engineering 
Co., Schiller Park. IL; Tel: 1-800-833-3156, 847-671- 
6670; Fax: 847-671-9469; www.amcoengineering.com 
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Are You an 

INSIDER? 


AMCO Engineering Co. 
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New! 
Apollo 11 
Commemorative 
T-Shirt 


Celebrate the 30th anniversary of the historic moon 
landing in style. Striking full-color emblem on quali- 
ty white cotton shirt. Available while supplies last in 
adult sizes S, M, L, XL, XXL; youth sizes 6-8, 10-12, 
or 14-16. Also offered in a white sweatshirt (adult 
sizes only). $15.95 T-shirt/$23.95 sweatshirt. .Add 
$5.00 to order for postage,/ handling. Mail payment 
to: Associated Business Publications. Dept. F., 317 
Madison Avenue, Suite 1900, New York, NY 10017. 
Call (212) 490-3999 for credit card orders. 


Read about it FIRST in the INSIDER, the free e-mail 
newsletter from NASA Tech Briefs. 

Exclusive previews of upcoming articles... late-breaking 
NASA and industry news.. .hot products and design 
ideas.. .links to online resources... and much more. 


Sign up today at www.nasatech.com 


Look for 
this button at 
the top of the 
home page. 


F REE 

NEWSIETTER 
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Innovative Non-Threaded 
Fastener Solutions! 


Bow-Tie™ Cotter 

Works like a 
hairpin cotter, 
but locks 
itself on! 


Bow-Tie' 

Works lih 


Positive 
Lock Pins 

Push button to' 
release dual ball 
lock. 



Patents Pending U.S. A Foreign 


Free Samples! I Stock & Specials! 


Nylon Lanyards™ 

/ Quick^* * 


Secure pins and 

Release and 

Z 

components at Q r 

Detent Devices^^f" 

z 

25 

1/3 the cost of 

Ask how we can 

r 

steel cable assemblies! 

modify ball compression 

■ 

Patent #5,784,760 

to suit your application! 



No Minimum Order! 

See us at Nat ’l Design Engineering Show! 

Booth #2738 

or on-line at www.pivotpins.com 

1 - 800 - 222-2231 

P.O. Box 488 

Ulies^gf|f ||4|| |i(|i Hu®tl*ford, Wl 53034 
f*f| r f)f rtflif i Phone: 920-349-3251 

Fax: 920-349-3253 
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GOT 

TRIM? 


•Easy application 
Withstands: temperature 
extremes, moisture, petrochemicals 
Significant noise reduction 
PSA or 3M™ Acrylic Foam Tape 
prevents moisture and contaminants 
from seeping between attached parts. 


TOLL FREE 

1 -888-TRIML0K 

874-6565 


’[LOBS. inc. 

If you have an edge. ..we have a trim! 

E-mail: trimlok@aol.com 

Com see us onfae: http/ WWW. trimlok.com ^ 
6855 Heimoso Circle • 8ueno Pmk, CA 90622 5“ J2&. l 


Now 

Available! 
CUT-TO-LENG1H 
Selected items 
50 ft. 


immum. 


Leader of flexible plastics and rubber extrusions for over 25 years. 
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DSP-Based Filter 
Instrument 

Signal Processing Solutions, 
Redondo Beach, CA, has 
introduced the Versa-Filter 
System™, a DSP-based elec- 
tronic filter and signal con- 
ditioning system with analog I/O. Features include two independent 
channels; programmable gain amplifiers; and fully tunable, low-pass, 
high-pass, band-pass, band-stop, and inverse-notch filters that operate 
from DC to 20-KHz with a 1-Hz tuning resolution. The system is user- 
programmable with custom filter coefficients. A liquid crystal display 
shows the filter settings, or bar-graph type VU meters display the I/O 
signal dynamics. Circle No. 711 



Rotary Position Sensor 

The RS-50 non-contact rotary position sensor from Power 
Components of Midwest, Mishawaka, IN, utilizes Hall-effect technolo- 
gy in a hermetically sealed, encapsulated plastic body. Features 
include custom mounting configurations, programmable rotational 
range, and idle validation. The sensor operates in temperatures rang- 
ing from -40°C to +135°C (+150°C is available). It is designed to oper- 
ate with or without a return spring, and with or without rotational 
stops. Circle No. 712 


Temperature Probes 

OMEGA Engineering, Stamford, 
CT, offers temperature probes, in- 
cluding mineral insulated probes 
in Quick Disconnect or Transition 
Junction styles in diameters from 
1/16 to 1/4"; pockets with mating 
thermocouple or RTD probes with 
industrial protection heads; and 
insulated, self-adhesive, and unsheathed fine-gage thermocouples 
available in five-packs. Also available are surface and extension probes, 
handle probes, and thermocouples for extruders available to mate 
with various read-out devices. Thermocouple probes are available in 
standard calibrations of J, K, T, or E, as well as materials suited to high- 
temperature applications. Circle No. 713 



Embedded Computer 

The SmarTouch Controller™ 
from Mosaic Industries, New- 
ark, GA, is a C-programmable 
embedded computer with a 
built-in touchscreen /graphical 
user interface (GUI). It can be 
commanded remotely from a PC or used as a standalone. The system 
features hundreds of pre-coded device drivers, 256 Flash, 128K RAM, 
eight 12-bit analog input channels, eight 8-bit analog inputs, 24 digital 
I/O, four high-current drivers, and two RS-232/485 ports. Also includ- 
ed is menuing software to facilitate application control using buttons, 
menus, graphs, and bitmapped pictures. Circle No. 714 
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CPU Board 

Concurrent Technolo- 
gies, Ann Arbor, MI, offers 
the PP EMB/P3x single-slot 
6U CompactPCI® CPU 
board featuring the Flip- 
Chip Pentium® III proces- 
sor. It also features up to 
256 Mbytes of DRAM, 10 or 
100 Mbps Ethernet, battery- 
backed SRAM, keyboard, 
mouse, real-time clock, USB, floppy disk, and printer ports. A transi- 
uon module provides connecuvity for rear panel I/O. The board sup- 
ports Windows NT, VxWorks, Solaris, QNX, and Linux operadng sys- 
tems. Circle No. 715 



PCI-Bus Data Acquisition 

AD AC Corp., Woburn, MA, 
offers data acquisiuon boards for 
the PCI Bus. The PCI-5500 line 
consists of 12- and 16-bit resolu- 
tion analog input boards with fea- 
tures such as FIFOs, DMA, chan- 
nel gain RAM, autocalibrauon, 
clocked analog input opdons, 
and a custom PCI-Bus interface 
for high-speed data transfers. The plug-and-play boards are compau- 
ble with most DAQ software packages, including LabVIEW, TestPoint, 
and LabTech Notebook. Circle No. 716 



Temperature Controllers 

Cole-Parmer Instrument, Ver- 
non Hills, IL, has introduced the 
Digi-Sense® Models 89000-00, -05, 
-10, and -15 temperature con- 
trollers that feature a two-line dis- 
play with plain-English menus. 
Muldple safety features include user-settable over temperature, loop 
break, and umer cutoffs. The controllers also accept RTDs and YSI 
thermsistor probes, in addidon to thermocouples. Models 89000-10 
and -15 feature ramp and soak RS-232. Circle No. 717 



Clip-On Shielding 

.An RFI-EMI shielding gasket 
series from Omega Shielding 
Products, Randolph, NJ, is avail- 
able in four sizes for clip-on 
moundng. Applications include 
those in which perpendicular 
and/or parallel compression 
loading occurs between mating 
surfaces. The free-hanging fin- 
ger end travels in open space, yielding low deflecuon forces. Gripping 
lances on the clip assure stable locking to surfaces. Circle No. 718 




tick Adhesive Or 
ifcon Installation 


°“ r Servers &Workstations 

Going Places 


are 


Desktop workstation and server power nas never been so portable or so 
rugged with industrial portables from BSI. With a combination of multi- 
slot, multi-drive bay design, a large flat panel display and dual Pentium 
III processor performance, our portables provide you with full-featured 
servers and workstations wherever your application takes you. 


I- 800-872-4547 


sst 

Broadax Systems, Inc. I 


ujujui.bsicomputEr.com 


For More Information Circle No. 438 


ILnnmir Int4isun> 


9 Emery Ave., Randolph, NJ 07869 
tel: 973*366*0080 fax: 973*366*8232 
E-mail: sales@omegashielding.com 
web site: http://www.omegashielding.com 
ISO 9002 Quality System Certified 


Superior performance shielding gaskets 
Electronic grade plating finishes 
Many base metal variations 
Hundreds of shapes & sizes 
Custom modifications 


huiyui^itx It'tuiHiimnmv-iiKirjs. 


Yrn*fr.iu.M3itan InMnmitiit.umi 
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CLOSE 
THE GAP! 


SEAL MASTER INFLATABLE SEALS1 


“They’re 
Deucedly 
Clever’ ’ 


OVERCOME TROUBLESOME DESIGN PROBLEMS 

WEATHER HEAT/COLD ^CHEMICALS 

o LIGHT/DARK ^^CONTAMINANTS 


WATER 




NOISE 


»>))(( PRESSURE/ 
VACUUM 




RADIATION 


Inflatable seals in a wide range of sizes and configurations 
are used anywhere a positive seal is needed between oppos- 
ing surfaces. It’s the innovative solution for many difficult ap- 
plications. Design assistance available. 


4 ! 


SEAL MASTER CORPORATION 


INFLATABLE SEALS AND OTHER CUSTOM RUBBER PRODUCTS 

368 MARTINEL DRIVE • KENT, OH 44240-4368 USA 
(330) 673-8410 • FAX (330) 673-8242 
E-Mail: info@sealmaster.com • www.sealmaster.com 


DEFLATED 


INFLATED 
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Miniature Temperature Sensors 

embedment style RTD’s and TC’s 


Metal encased RTD’s and thermocouples as small as 
0.3" x 0.08" <]> (7.6 x 2 mm <|>) • Rugged construction with 
Teflon insulated wires or stainless steel braided cable 
• Spring-loading option 


Monitor bearing condition — embed beneath 
babbitt layer for continuous sensing 
• Monitor & control machinery • Ideal where rugged 
probe style sensor is required in restricted space 


MINCO PRODUCTS, INC. 

7300 Commerce Lane • Minneapolis, MN 55432-3177 U.S.A. 
Telephone: (612) 571-3121 • FAX: (612) 571-0927 


New 



► ►►►►►►►►►►►►►► 


Mathematical Software 

Waterloo Maple, Waterloo, Ontario, 
Canada, has released Maple 6 mathematical 
computation software for Windows, UNIX, 
Macintosh, and Linux. The program's new 
math engine combines Waterloo Maple’s 
symbolic computation algorithms with a 
numerical solver from Numerical Algorithms 
Group (NAG). Enhancements include im- 
proved signal and image processing, dynam- 
ic simulation, and mathematical modeling. 
Other features include large-scale floating point data handling and an 
improved user interface. The software connects to Microsoft Excel 
2000 and exports to RTF. Circle No. 700 



CAD Viewer 

Cyco International, Atlanta, GA, offers AutoManager® View 3.1 
multiformat CAD viewing software that incorporates Autodesk’s 
ObjectDBX technology to allow extended support for viewing 
AutoCAD 2000 designs. Users can access and view external references 
of AutoCAD documents; raster and hybrid files; Mechanical Desktop; 
Visio and MS Office spreadsheets; and word-processing documents. 
The software integrates with Cyco’s AutoManager® WorkFlow™ doc- 
ument-management system. Circle No. 701 


Machine Vision 

Sherlock™ and MVTools™ 5.6 soft- 
ware-development environments for 
machine vision are available from 
Imaging Technology, Bedford, MA. 

MVTools provides expanded capabili- 
ties, including more than 200 new 
image-processing functions. Sherlock 
supports custom-written algorithms and includes a new “Find Angle” 
tool to measure an object’s rotation around its center point. Together, 
the packages form an integrated development environment. Once an 
application is sketched out and tested in Sherlock, it can be coded 
using MVTools. On completion of the code, MVTools becomes the run- 
time environment for the machine vision application. Circle No. 702 



Flow Calibration 

Calware™ flow calibration software from Flow Technology, 
Phoenix, AZ, is designed to simplify and enhance control and moni- 
toring capabilities of primary and secondary standard calibration sys- 
tems. The Windows® 95/98/NT and LabVIEW-based environment 
provides a user interface that presents all calibrator controls and pa- 
rameter settings on a single active screen. Calware ’s qualitative and 
quantitative analysis tools allow for multiple graph plotting. The soft- 
ware also supports data manipulation in both numeric and graphical 
formats; provides enhanced, real-time diagnostics and full-color 
graphics; and allows data export in Excel® format. Circle No. 703 


Geographic Imaging 

ERDAS IMAGINE® 8.4 geographic imaging 
software from ERDAS, Atlanta, GA, includes 
features designed to speed production process- 
es and increase accuracy’, including an expert 
systems-classification tool for geographic appli- 
cations. Features include several wizard-based 
processes, on-the-fly re-projection, and extend- 
ed native raster file handling. The software also supports data files 
exceeding 2 GB in size. The IMAGINE Expert Classifier™ enables 
users to graphically build knowledge-based systems for image classifica- 
tion, post-classification refinement, and advanced spatial modeling. 
Circle No. 704 
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Editorial Index 


Use the phone numbers listed below to obtain more information from the 
following companies featured editorially in this issue. 


Polyurethane Design 

An eight-page design guide from Stevens 
Urethane, Holyoke, MA, describes the characteris- 
tics of thermoplasuc polyurethane (TPU). TPU 
offers several key properties such as durometer 
range; tear strength and elongation; abrasion resis- 
tance; and resistance to hydrocarbons, chemicals, 
ozone, bacteria, and moisture. Applications 
include medical and industrial uses. Circle No. 705 

Data Acquisition and Instrumentation 

IOtech, Cleveland, OH, has released a year 
2000 catalog featuring more than 50 new data 
acquisition and instrumentation products. 

These include the Daq Board/ 2000™, a low- 
cost plug-in board; the standalone Log- 
Book/ 360™; and the Ethernet-based Net- 
Scan™/ 1500. The 320-page catalog also 
includes application-specific selection guides 
and a product overview' section. Circle No. 706 

Timer Catalog 

A timer catalog from Control Co., 
Friendswood, TX, features more than 100 new 
timers. Models include; pocket, alarm, digital, 
countdown, stopwatch, printing, 4-channel, 
decimal, QC, vibrating, clock, memory’, 
mechanical, and talking. Each timer includes 
an individually serial-numbered Traceable® 
Certificate indicating traceability to NIST 
(National Institute of Standards and 
Technology) Circle No. 707 

Cabinets and Racks 

Hoffman, Anoka, MN. offers an eight-page 
brochure describing cabinets and racks for 
voice/data and network applications. The 
brochure introduces preconfigured PROLINE® 
voice/data cabinet packages, server cabinet pack- 
ages, new' w'all-mount cabinets, seismic cabinets, 
and open-frame networking racks. It also includes 
information on thermal-management accessories. 

Circle No. 708 






Silicone Materials 

A selection guide of silicone materials from 
NuSil Technology’, Carpinteria, CA, includes adhe- 
sives, sealants, and coatings. Other products 
include Controlled Volatility' (CV) silicones, ther- 
mally conductive materials for use in heat transfer 
processes, electrically conductive materials for 
EMI/RFI shielding, and fast-curing silicones for 
use in rapid assembly. Circle No. 709 

Steel Mezzanines 

Literature from Steele Solutions, Waukesha, 

Wl, describes custom steel mezzanine systems. 

Applications include additional storage, support 
for equipment or conveyors, expanded manufac- 
turing operations, and distribution integration. 

The systems meet or exceed OSHA standards and 
can be customized to meet BOCA, UBC, or SBCC 
building codes. Circle No. 710 
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"...Often times, people who come to NCAR to do research 
have very little or no experience with advanced analysis 
and graphics tools. IDL allows us to bypass the need 
to write code allowing us to quickly get the researchers 
up and mnning." 


Peter Fox, Chief Computational Scientist 

High Altitude Observatory 

National Center for Atmospheric Research 


Searching for powerful data 
analysis and advanced graphics? 

Do you need a complete processing and visualization solution? 
Look to IDL, the Interactive Data Language. 

IDL combines a robust cross-platform environment for the 
access, analysis, and visualization of all data with a full-featured 
suite of development tools. With its object oriented 4GL, 
hardware accelerated graphics system and powerful analysis, IDL 
is the ideal platform for technical application development. 



Download IDL today at 
www.rsinc.com/ interactive 


::: IDL 



IDL* 

IDL combines all of the 
tools you need for any 
type of project — 
■ from "quick-look," 
interactive analysis and 
display to large-scale 
commercial programming projects. This easy- 
to-learn, cross-platform, application 
development software is relied upon by 
analysts and engineers around the globe. 

Research Systems offers off-the-shelf 
software packages built with IDL that 
deliver analysis and results with point- 
and-dick ease. 



ION” 

ION brings the power of IDL 
to the Internet, allowing 
you to collaborate across 
networks and the Web. 


VIP‘ 

Delivers the power of IDL data 
analysis and visualization 
without programming. 


ENVI, the Environment for 
Visualizing Images, is the 
leader in remote sensing 
data analysis. 


NOeSYS” 

Access, edit, organize and 
visualize large multi- 
dimensional data — without 
programming. 


RiverTools” 

The most powerful DEM 
tool for analysis of terrain 
and river networks. 


0 RESEARCH 
SYSTEMS 

Software £ Vision. 

303.786.9900 info@rsinc.com 


International Offices: Austna • Germany • Uechtenster • Luxembourg • Switzerland • The Netherlands • Brazi • Chna • France • Bek^n • mda • Italy • Japan . Korea • Stxm • Portuqai • Taws* • United Krafcm 
CX is a mgrstered trademark and ON is a trademark of Research Systems. Inc. Vf* 6 a trademark of Interns, he EhM is a registered trademark of BSC, LLC River Tools 5 a trademark of Rmx, LLC Noesys is a trademark of Fortner Softw»e LLC All nahts ipwvph 




